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OPEN UP: for stronger tin plate 


Today tin plate is made from several grades of steel, dependent 
upon final use. By controlling carbon and nitrogen content through 
the Lee Wilson Open Coil Gas Alloying Process, it is now possible 
to make many grades of tin plate from one grade of steel. By 
removing carbon, softer tin plate is possible; by adding nitrogen, 
harder tin plate is produced. Exacting composition and temper 
requirements can be achieved and inventory reduced to a mini- 
mum. For further details, write to Lee Wi/son Engineering Co., 
/nc., 20005 Lake Road, 


Cleveland 16, Ohio. @ 
Circle 2199 on Page 48-B 
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Technical News in Brief 


Tool Steels in Today’s Industry 


Cover: The photomicrograph (500 x) of a zirconium alloy contain- 
ing 10% Cb, which is the basis of our cover design this month, was a 
prize wiriner in the 15th Annual A.S.M. Metallographic Exhibit. More 
details are given on p. 68 by A. D. McMaster, F. K. Blechinger and 
F. W. Kuntz of the General Electric Co. 


D-H Vacuum Unit Degasses Production Heats . . . Galvanized Sheet on Automobiles 
. . . Big Ingots Cast of Vacuum-Degassed Steel . . . Higher Aging Temperature Pre- 
vents Corrosion of 17-4 PH . . . Magnesium Improves Corrosion Resistance of Hot- 
Dipped Zinc . . . Dual Chromium Imparts Longer Life to Auto Parts . . . New Pow- 
der Technique Reduces Armature Costs . . . Titanium Fan Holds Up in Corrosive 
Atmosphere . . . Finishing Aluminum Auto Trim 


High Speed Steels Meet Tool Needs —I, by Peter Payson ........... 


Since the introduction of 18-4-1 at the turn of the century, engineers have improved 
alloys and lowered costs, until today’s users have a wide variety of excellent high speed 
steels to choose from (A-general; TS-m) * 


Better Air-Hardening Tool Steels, by Neil J. Culp 


Tool steels which can be fully hardened by cooling in air from austenitizing temperatures 
in the 1500 to 1600° F. range are often the answer to problems involving warpage, dis- 
tortion and uniformity in hardening. (A-general; TS) 


Overcoming Distortion and Cracking in Heat Treating Tool Steels, 


Internal stresses developed during quenching can crack or warp tool steels. These 
effects may be overcome or minimized by the use of air-hardening steels, or techniques 
such as interrupted quenching or ultrasonic agitation. (]-26; TS, 9-72, 9-74) 


How Hot Hardness Varies in Tool Steels, by David P. Hughes ......................00.005. 


Nondestructive Testing for Management — Ill 


With a Rockwell testing machine modified to operate up to 1200° F., Latrobe engineers 
rated the hot hardnesses of numerous grades of tool steels and found that they varied 
according to heat treatment and room temperature hardnesses. (Q29p; TS) 


Ultrasonics Solve Testing Problems, by T. A. LaRoe and E. T. Hughes..................... 


Steelmaking on the Move 


Through the use of sound waves with frequencies ranging from 200 ke. to 25 mc., engi- 
neers can detect a wide variety of surface and subsurface defects in metallic and non- 
metallic parts of virtually any size and shape, measure thicknesses from one side of a 
part, and detect lack of bonding in soldered, brazed, and, in some instances, adhesively 


bonded parts. (S13g; $14g) 


Oxygen in Steelmaking . . . Today and Tomorrow, by E. F. Kurzinski ..................... 


Since the importation of the basic oxygen converter from Austria a few years ago, the 
use of oxygen by this nation’s steelmakers has nearly doubled. With the development 
of several promising processes such as the oxygen-natural gas lance, tomorrow may see 
production rates far greater than those of today. (D10, D-general; O) 


Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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How grid tray life 


was increased 


rom 4. to 72 months 


Electro-Alloys’ knowledge of thermal 


Figure 1 shows a grid tray used to 
move a solid cube of steel through a 
heat-treat furnace where side burners 
directed flame over the top of the tray, 
Figure 2. After 3-5 months’ service, 
this tray would distort and fail, Fig- 
ure 3. A photographic close-up of the 
failure is shown in Figure 4. 

The user assumed the failure was 
due to inadequate pushing strength. 
With strengthened pushing ribs, the 
redesigned tray lasted only 2-3 months, 
half as long as the original design. 

In view of this behavior, the user re- 
quested an Electro-Alloys design eval- 
uation. The results are shown in Figure 
5. This new tray has a service life of 
5-7 years! 


Pinpointing cause of thermal- 
fatigue failure 


Electro-Alloys found that the original 
tray had been overdesigned. Exten- 
sive knowledge of the subtleties of 
thermal fatigue led to this conclusion. 

Study of the furnace operation 
showed that the zones of heating and 
a heavy cooling concentration were 
the real causes of tray failure. They 
acted in this way: 

On entry into the furnace, outside 
members of the tray heated more ra- 
pidly than inside members. As a result, 
expansion of these outside members 
was restricted by the cooler inside 
members. This set the stage for com- 
pression failure of outside members. 

Farther in the furnace, inside mem- 
bers came up to temperature. But out- 
side members had already forged in 
and were undersized. Now, expanding 
inside members subjected outside 
members to tensile stresses. This dou- 
ble reversal of stresses, compression 
then tension, during every cycle soon 


produced failure. 


fatigue extends service life 1700% 


Any attempt to strengthen these out- 
side members results in earlier failure 
because the increased mass leads to 
the metal fighting itself even more. 


New design solves problem 


The new design, Figure 5, called for 
raising the transverse ribs. This al- 
lowed the heated air to pass under 
the heavy die block. Through this 
simple change, it was possible to bring 
the die block to temperature more 
quickly and to eliminate the high tem- 
perature differential between outside 
and inside members of the tray. 

The result is a 1700% increase in 
service from each tray. 


Avoiding expensive thermal- 
fatigue pitfalls 


Users and designers of heat-resistant 
castings are vulnerable, generally, to 
two pitfalls that lead to losses in serv- 
ice life and operating economy: 

a. Assuming that an alloy operating 
well at 2000°F. will work just as 
well in a different application 
whose maximum temperature is 
only 1700°F. 

b. Too much faith in the calcula- 
tion of applied stresses as the 
measure of the casting’s ability to 
withstand service conditions. This 
is reflected by increasing the size 
or number of restricting members 
... braces, gussets and tie rods. 

These pitfalls are a natural out- 

growth of the lack of information on 
thermal fatigue . . . the cause of 90% 
of all failures of heat-resistant castings. 

Electro-Alloys is recognized as the 

leading authority on thermal fatigue 
and high-alloy casting design. Hun- 
dreds of case histories — such as the 
one reported here — and the widely 
published test data emanating from 


FIG. 3 


the Research Laboratory at Mahwah, 
N. J., are evidence of this. 


@ Most recent of these reports is “The 
Mechanism of Thermal Fatigue,” by 
H. S. Avery. Copies of this study are 
available on request. Simply write to 
Electro-Alloys Division, 3016 Taylor 
Rd., Elyria, Ohio. 


[Brake Shoo]! ECTRO-ALLOYS DIVISION Elyria, Ohio 
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Metal Progress 


Heat Processing Stainless Steels 
Heating Stainless Steel Flat Products, by M. R. Ogle ......... 


Today, most strip, sheet and plate of stainless steel is annealed in continuous furnaces. 
Many of the factors to be considered in the production of flat products are discussed in 


this article. (J23, F23; SS, 4-53) 

F Squares and Rectangles, by A. D. McMaster, F. K. Blechinger and F. W. Kuntz............. 68 
Adhesives for Fabricating Speed Capsules, by Harold H. Rosenbaum ....................... 80 


Adhesives are used extensively during construction of the capsules for the Convair 990 to 
bond components to the honeycomb floor panel and to seal all joints, thus forming a 
leak-proof tank for fuel. Added bonus is greater strength than obtained by using riveted 
construction alone. (K12, T24) 


A Century-Old Razor, by Samuel J. Rosenberg 
Surface Coatings Protect Parts During Heat Treatment, 


by Etric L. Stone and Leopold Albertin ................-..:60cceeecceeceee. 108 


Protective coatings applied to steel and superalloy parts before heat treating have proved 
effective in facilitating scale removal or preventing oxidation. Their use can result in 
economies in heat treating where production quantities are low but surface protection of 
parts is needed. (L-general, J-general; ST, SGA-h) 


Testing Ceramic-Metal Brazes, by J. Patrick Sterry ...............6...0ccceeceeceeeeccees 


The results of preliminary tensile and shear tests of ceramic-metal bronzes show that the 
technique has a good potential for critical missile structures such as radomes. However, 
much work remains to be done before the method can achieve status as a standard prac- 
tice. (K11b, K8, Q27, Q2) 


Metallographic Exhibit 
Preparing Titanium for Microscopic Examination, by W. C. Coons ......................... 
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introduces the E-Beam Mark VI electron beam welder 


The Mark VI electron beam welder makes possible what 
has previously been impossible in welding and brazing of 
refractory and reactive metals. 

It utilizes electron bombardment heating, carried out 
in a high vacuum to make possible ductile welds in reactive 
metals and in super-alloys containing reactive elements. It 
makes possible narrow welds with controlled depth-to-width 
ratios. It makes it possible to weld thin-to-thick sections with 
highly accurate positioning of the beam. It produces welds 
in the new ultra-high strength materials that match or exceed 
the properties of the base material. It holds dimensional 


The electron beam at your 


service — This Laboratory 
Weider is part of an advanced, 
complete facility for electron 
beam welding, brazing, evap- 
orating, melting, and zone 
refining maintained by Alloyd 
to meet custom requirements. 
We also offer engineering, con- 
sulting and research and devel- 
ment services in system de- 
sign and development. Ask us 
for complete information. 


Circle 2267 on Page 48-B 


change to a minimum. And the process is fast. It could hardly 
be otherwise at these temperatures. 

The results: clean, crack free welds in even the most 
refractory and reactive metals...no contamination... 
optimum control and precision. 

For complete information on the Mark VI welder, the 
Mark V evaporator, and Alloyd’s engineering and custom 
services in electron beam applications, just write: 


alloyd electronics corporation 


An affiliate of Alloyd Corporation — 37 CAMBRIDGE PARKWAY, CAMBRIDGE, MASS. 


Mark V Electron Beam 
E —a_ reasonably 
priced, highly flexible unit for 
producing thin metallic and 
non-metallic films by vapor 
deposition through electron 
bombardment heating. Com- 
pletely self-contained. An in- 
valuable research and develop- 
ment tool for thin-film applica- 
tions, including micro-minia- 
turized electronic circuitry, 
optical filters, resistors, capac- 
itors, memory devices and 
countless other components. 
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Tus mMontH’s cover —a prize winner in A.S.M.’s Metallo- 
graphic Exhibit — prompts us to review the history of this annual 
affair. Initiated 16 years ago in Atlantic City with the usual quota 
of trials and tribulations common to new enterprises (for example, 

the committee was almost swamped with a profusion of good and 
bad, large and small entries because of the novelty of the situation ), 
it has continued to grow and serve as an inspiration to the many 
competent metallographers throughout this country and the free 
world. 

In recent years, the Adolph I. Buehler Endowment has stimulated 
interest in this activity by awarding an engraved certificate plus 
$500.00 — the Francis F. Lucas Award —to the entry judged best 
in the show. In 1959 this winner was F. M. Beck, General Electric 
Co., whose entry showed “Crystal Growth and Structure of Mag- 
nesium Platina Cyanide”. The 1960 winner, G. C. Woodside, Climax 
Molybdenum Co., prepared a photomicrograph (see last month's 
Metal Progress) of “Heat-Checked Unalloyed Gray Iron, Permanent- 
Mold Cast”. 

Over the years, quite a few of the grand prize and “best-in-class” 
winners have appeared in Metal Progress. A good example of a re- 
cent prize winner in its class is William C. Coons’ work with alpha- 
beta titanium, found on p. 93 of this issue. Another example of his 
excellent work on a most timely subject — the preparation of pyro- 
lytic graphite specimens — will appear in a future issue of Metal 
Progress. Editor Gray observed the work that Bill and his group of 
metallographers were doing in polishing pyrolytic graphite during 
a recent visit to Lockheed’s Missile and Space Div. in Palo Alto, 
Calif. He encouraged them to write up the procedures for Metal 
Progress so that other engineers working with this new material 
would have a means for examining a scratch-free, undisturbed 
surface. 

Concerning the A.S.M. Metallographic Exhibit, Bill Coons re- 
cently wrote to us: “I would like to take this opportunity to thank 
you and the American Society for Metals for the incentives that have 
been given to me through publications and awards during my ca- 
reer as a metallographer. A few months hence I will be celebrating 
my 25th anniversary in this wonderful field of scientific endeavor 
and I feel sure that I would never have reached this milestone with- 
out a great deal of help and encouragement from a great many 


people.” 


We especially call your attention to the special package on “Tool 
Steels in Today's Industry”, starting on p. 65. Our thanks are due 
to Vanadium Alloys Steel Corp., Carpenter Steel Co. and Columbia 
Tool Steel Co. for the photographs on p. 65 and 67 which were 
obtained through the courtesy of the Climax Molybdenum Co. 
THe Eprrors 


After an initial “breaking-in” period, this 
large LOMA slab casting and sawing 
installation is now in full production at 
the aluminum sheet rolling mill of the 
Quaker State Metais Company, Lancaster, 
Pa., a division of Howe Sound Company. 
Capable of producing six 74% in. x 52 in. 
x 144 in. aluminum alloy slabs simul- 
taneously, the LOMA semi-continuous 
casting machine turns out all the ingots 
required for the processing of sheet, strip 
and coil. From a quality point of view 
these continuously cast siabs are greatly 
superior to those formerly cast in con- 
ventional book molds, particularly since 
one of the methods by which the grain 
size of the cast material can be con- 
trolled is by regulating the casting speed. 


For subdividing and trimming the 12 ft. 
jong sheet ingots, Quaker State has also 
installed a LOMA high-speed circular saw 
capable of cutting through a 12 in. x 
52 in. alumi alloy secti in about 
one minute. The sawing machine is of 
the overhead sliding carriage design and 
employs a 48 in. diameter biade cutting 
at a speed of 6000 ft. per min. The 
sawing installation includes a slab charg- 
ing conveyor, an automatic length stop, 
a slab discharge conveyor and a chip 
removal unit. This fully mechanized stock 
handling equip bined with the 
extremely fast feed movement of the saw 
allows a single operator to run the entire 
installation at a very high production rate. 


OMA 


MFG. CO 
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2100° F. sintering temperatures are no place for weakling 
belts. That’s why so many sintering installations 
select Cambridge Belts made of Cambriloy-A alloy. 
They are specifically designed for high strength in high 
temperatures and resistance to murderous furnace 
oxidation atmospheres . . . build to give continuous 
month after month service and peak production with 
little or no maintenance. 


There is a complete line of Cambridge Belts in special and 
standard metals and alloys to meet your specific 
requirements—custom built in any one of nine basic 
weaves to insure the most efficient processing. 

Experienced Cambridge Field Engineers—experts in 
their field—are available to discuss your needs and 
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help you select the belt best suited to your operations. 
Or, they can offer you sound advice on the installation, 
operation and maintenance of your 

Cambridge Belts. Talk to your 

Cambridge man soon. He’s listed in 

the Yellow Pages under “Belting, 

Mechanical”. Or, write for free 

130-page reference manual. 


The Cambridge 
Wire Cloth Co. 
Department B © Cambridge 6, Md. 


Manufacturers of Metal-Mesh Conveyor Belts, Fiat Wire Conveyor Belts, 
Wire Cloth, Wire Cloth Fabrications, Gripper ® Metal-Mesh Slings 
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D-H Vacuum Unit 
Degasses Production Heats 


Readers of Metal Progress will remem- 
ber the article discussing some particu- 
lars concerning the Dortmund-Hoérder 
process for vacuum rye of steels 
— in January 1960. This compre- 
ensive report indicated that the method 
permits alloying additions to be made late 
in the degassing cycle and also results in 
improved cleanliness and freedom from 
gases. Recently, Crucible Steel Co., 
which has been using a large D-H unit for 
the last six months, confirmed these claims 
in the first progress report on the prop- 
erties of steels treated by the degassing 
equipment. 

According to C. D. Preusch, manager of 
technical development, the mill has used 
its D-H unit on approximately 100 heats 
for a wide variety of grades including 
A.LS.I. 1020, 4130, 4142, 4320, 4340, 
8620, 51100, 52100 and H11. In treat- 
ing 75 and 165-ton heats (from electric 
furnaces and open hearths, respectively), 
the maximum alloy added during degas- 
sing to date has been over 2% of the heat 
weight with no problems. In fact, it ap- 
pears that two to three times this amount 
can be added during the vacuum process- 
ing if desired. Since there is no oxidation 

roblem, alloy recoveries have been excel- 
[ent In most heats, all of the silicon 
added is recovered, as is 97% of the 
chromium and 80 to 100% of the man- 
ganese. Losses which occur seem to be 
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due to volatilization rather than oxidation. 

Chemical analyses have been more 
easily controlled, and as expected, there 
has been a definite improvement in clean- 
liness. Macro-etch, microcleanliness, and 
magnetic-particle tests indicate that these 
steels have fewer inclusions and a lesser 
—— of segregation. Oxygen content is 

uced substantially; the decreases range 
from 55 to 90%. In a blocked open-hearth 
heat, for example, the gas was reduced 
from 0.007 to 0.002%. Crucible also re- 
ports that oxygen pickup during teeming 
is negligible for typical carbon and alloy 
steels. It may, however, be a significant 
factor in high-chromium compositions. 
Hydrogen content is also decreased, often 
to less than 2 ppm., when the D-H proc- 
ess is used. 


Galvanized Sheet 
on Automobiles 


Since 1959 when Ford Motor Co. first 
incorporated galvanized steel in under- 
body units of its compact automobile, the 
Falcon, it has extended use of the coated 
sheet to the Lincoln Continental (250 Ib. 
per car), the Thunderbird (213 Ib.) and 
Econoline trucks (92 Ib.). The Falcon 
itself contains 125 Ib. of galvanized sheet; 
Ford and Mercury use lesser amounts 
because they still retain a chassis frame. 

Primary reason for the emphasis on 
galvanized sheet is, of course, the corro- 
sion caused by greater applications of salt 
on our streets. The increase in corrosion 
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rate which results is met not only to the 
appearance of the automobile but also to its 
structural integrity, particularly if it has a unitized 
body-frame construction. 

Speaking recently before a meeting of the 
American Zinc Institute in Chicago, John C. 
Widman of Ford's body engineering section in 
Dearborn, Mich., described some of the work which 
led to the decision to use galvanized sheet. He 
said that hot-dipped galvanized steel performs well 
in corrosion tests (compared with various organic 
and metal coatings, stainless and copper-bearing 
steel) and is practical from cost, availability and 

roduction viewpoints. Ford engineers experienced 
ittle difficulty in forming the material. In fact, 
it appears that the zinc coating actually aids form- 
ability of the sheet. Adhesion of the zinc proved 
excellent, and scoring and flaking, two anticipated 
problems, did not arise. 

Probably the most difficult problem occurred 
during spot welding. Electrodes on spot welding 
machines loaded up rapidly with zinc, and it was 
not until differentially coated sheet was introduced 
that Ford engineers, by employing welding pro- 
cedures then in use in production, were able to 
obtain 2000 welds between tip dressings, a stand- 
ard based on practical production schedules. Addi- 
tional work showed that direct welding (making 
one weld per cycle) produced the best welds. 
It does, however, require a transformer and com- 
plete set of controls for each welder and is not 
as desirable as a “series” circuit in which two 
welds can be made simultaneously with the same 
amount of equipment. Improved welding proce- 
dures now permit use of commercial galvanized 
sheet with an equal weight of zinc on both sides. 

Ford also uses an improved phosphating system 
which has eliminated the need for applying a 
precleaner to the zinc coating with steel wool or 
a wire brush. 


Big Ingots Cast of 
Vacuum-Degassed Steel 


A 116-ton steel shaft (see photo) for a generator 
made by General Electric was forged from a 120- 
in diameter ingot weighing 260 ton, the largest 
ingot cast in a vacuum by Bethlehem Steel Co. 
The company, which is already producing hard- 
ened steel rolls from vacuum-cast ingots, now 
plans to fill all its orders for steam turbine rotors 
and spindle forgings and shafts for turbine- 
powered generators with vacuum steel. 

The advantage of vacuum casting is, of course. 
that it reduces the amount of hydrogen and other 
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Huce SHart MADE OF DEGASSED STEEL 
Forged From a 260-Ton Ingot of Vacuum-Cast 
Steel, the Shaft Weighs 116 Tons 


gases in the ingot and thus decreases the possibil- 
ity of flaking and microcracking. In the degassing 
process, electric-furnace steel is poured through a 
vacuum chamber as a spray rather than a tight 
stream. Ingots weighing as much as 535,000 |b. 
can be made. Bethlehem now operates five 
vacuum degassing chambers. 


Higher Aging Temperature 
Prevents Corrosion of 17-4PH 


The modification Fst on the control rod 


drives for the Dresden nuclear power reactor is 
nearing completion and it will be brought back to 
criticality shortly. All of the reactor’s 80 control 
rods and drives, some of which were shown last 
November to have undergone stress-corrosion 
cracking, have been rebuilt by the General Electric 
Co., the reactor manufacturer. The replacement 
materials, 17-4 PH stainless steel, Type 304 stain- 
less, Haynes Alloy 25 and Inconel “X” were se- 
lected because of their proven performance in 
nuclear-reactor water at high temperature. 

All new index tubes i roller mounts will be 
fabricated from 17-4 PH but the new parts will 
be aged at 1100°F. rather than 900° F. which 
was used for the former parts. This will provide 
an alloy condition which is not susceptible to 
stress-corrosion cracking. G.E. reports that 
stressed specimens of 17-4 PH aged at 1100° F. and 
900° F. were studied side by side in autoclave and 
dynamic loop tests. Only the specimens aged at 
900° F. cracked. A separate series of experiments 
also demonstrated that the 1100° F. aging treat- 
ment reduces high residual stresses. 


METAL PROGRESS 


Tos 
; 
< if 
i 
‘ af 
< 
P 
id 
> 


WS e NEWS e N 
SeNEWS e NEW 
NEWS e NEWS 
EWS e NEWS e 
WS e NEWS e N 
Se NEWS e NEW 
NEWS e NEWS 


Technical 


NEWS 


In Brief 


There are no instances of stress-corrosion crack- 
ing of 17-4 PH (heat treated at 1050 to 1100° F.) 
either in laboratory tests or in reactor service in 
high-temperature water, including extensive use in 
the Navy reactor program. The Navy uses 17-4 PH 
(H1100) in submarine reactors in parts of drive 
mechanisms which correspond to index tubes in 
the Dresden reactor. 


Magnesium improves Corrosion 
Resistance of Hot-Dipped Zinc 


Small amounts of magnesium (0.04 to 0.05%) 
added to a galvanizing bath improve the corrosion 
resistance of the zinc coating in industrial-marine 
atmospheres by 20 to 90%. According to Dow 
Chemical Co., which conducted a 6-year program 
to evaluate the influence of magnesium on zinc 
coatings, the light metal can be added and main- 
tained in the galvanizing bath without difficulty. 
The new bath composition is now being used to 
coat chain-link fence produced by Anchor Fence 
Div. of Anchor Post Products, Inc. 


Dual Chromium Imparts 
Longer Life to Auto Parts 

Experience is proving dual chromium, one of the 
new electroplating systems, to be effective in pro- 
longing the life of decorative and functional auto 
parts. An indication of just how effective it is 
was recently given by William E. Lovell, Ternstedt 
Div. of General Motors Corp. Speaking in Cleve- 
land before a recent meeting of the American 
Electroplaters’ Society, Mr. Lovell pointed out that 
front and rear door sash channels, some bumper 
bar extensions and the metal channels around the 
glass ventilators on General Motors cars are nang 
plated with dual chromium. Field experience an 
accelerated tests bear out the high degree of pro- 
tection which the new system provides. For ex- 
ample, the electroplate on a 1961 Oldsmobile 
bumper bar extension will last 200 hr. or more in 
the CASS test, and most other parts hold up at 
least 48 hr., well beyond the normally specified 
16 hr. 

At Ternstedt the usual plating procedure for 
cold rolled steel parts is to deposit a nickel strike 
0.0001 in. thick on the steel, then a layer of bright 
copper about 0.001 in. thick, bright nickel (0.0005 
in.) plated in a Watts-type bath, followed by two 
layers of chromium, the first from a conventional 
chromium-plating bath, the last from a fluoride- 
type bath. Minimum chromium thickness is 
().000030 in. (total), and the second layer contains 
a network of fine cracks which extends through 
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both layers immediately after plating is completed. 

Mr. Lovell said that the important features of 
the dual system are its fine crack pattern and the 
total thickness of the chromium. Chromium is 
deposited in two layers primarily as a matter of 
convenience, and as long as a crack pattern is 
— and total thickness of the chromium is at 
east 0.000030 in., the system will still have im- 
proved corrosion resistance. To illustrate this, he 
showed a bumper guard plated in 1950 by tech- 
niques used at that time. The part, taken from a 
1950 car, was still in good jen rind even though 
it had been in normal use since it was made. Study 
of its electroplate revealed that the chromium layer 
was not only thicker than usual but also contained 
a crack network similar to that which appears in 
the duplex chromium of today. 


New Powder Technique 
Reduces Armature Costs 


A unique idea in powder metallurgy techniques 
has resulted in reduced production costs and an 
award of distinction in the “Nonferrous Metal 
Powder Part of the Year” competition sponsored 
by the New Jersey Zinc Co. The award, presented 
to John Mikitka and E. R. Andreotti Kwikset 
Powdered Metal Products, was made in recogni- 
tion of their work on fabricating an armature of 
powdered metals. 

The technique, that they devised replaces one 
in which the part was first machined as a blank. 
Slots were then milled in its perimeter and small 
pieces of iron were staked into the slots. The 
armature is now made by nesting a green compact 
of prealloyed bronze (it looks somewhat like a 
gear) into a sintered outer compact of steel powder. 
When the two compacts are sintered, the bronze 


Low-Cost ARMATURES MADE OF PowDERED METALS 
Bronze and Steel Powder Compact Bond 
Together When Sintered 
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Technical 


In Brief 


compact expands and a strong mechanical bond be- 
tween bronze and steel is achieved. The steel 
compact can then be machined until the bronze is 
exposed, thus forming alternating magnetic and 
nonmagnetic sections (see photo). This powder 
metallurgy technique reduced the cost of pro- 
ducing the part by 72%, 


Titanium Fan Holds Up 
in Corrosive Atmosphere 


A study of trends in titanium technology re- 
cently published by Battelle Memorial Institute, 
Columbus, Ohio, shows that production of titanium 
mill products may reach 5500 tons during 1961, 
a 10% increase over 1960. Part of this expected 
growth will probably come as a result of more 
applications for the metal in nonmilitary and non- 
aircraft areas, primarily because of its excellent 
corrosion resistance. 

This characteristic has, for example, been par- 
ticularly useful to Nassau Smelting and Refining 
Co., Tottenville, Staten Island, N.Y. Since January 
it has had in operation a fan made of titanium (see 
photo) which exhausts corrosive gases created by 
combustion of polyvinyl insulation on copper wires 
that are being salvaged. The products of com- 
bustion contain enough hydrochloric acid and 
ferric and cupric chlorides to cause complete 
failure of carbon steel fans previously used. These 


TrrANtuM Fan FoR Corrosive GASES 
It Replaces Carbon Steel Fans Which Failed 
in One Week 
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required replacement — at a cost of about $1100 — 
every week. 

The titanium fan is 49 in. in diameter and was 
fabricated of %-in. commercially pure titanium 
sheet by Pfaudler Co., division of Pfaudler-Permutit 
Inc. It revolves at 800 rpm. and can exhaust 
20,000 cu.ft. of gases per min. from the furnace. 
Weighing 200 lb., it replaces a carbon steel fan 
which weighed 425 lb. After several months of 
uninterrupted service, the titanium has shown no 
signs of corrosion. 


From Here and There 


The auto industry is using iron-base powdered 
metals at a rate which is 300% greater than in 
1954, according to W. P. Balthrop, president of 
the Amplex Div. of Chrysler Corp. He said that 
the amount of powdered metals used in the auto 
industry may double in the next five years because 
of improved properties and manufacturing tech- 
niques. 

e 

Oxygen is now being used to refine molten fer- 
rochromium. The gas, which is blown on the 
surface of the andl raises its temperature and 
agitates it, thus providing improved chemical uni- 
formity. The product, a refined charge chromium, 
contains 58 to 65% Cr, 4.25% C (max.), 1% Si 
(max.) and 0.03% S (max.) 

e 

Parts made of a titanium alloy are being pro- 
duced by powder metallurgy techniques to high 
and ductility levels. The alloy, 
nated as CPT-64AV by Clevite Corp. of Cleveland, 
exhibits a tensile strength of 119,000 psi., elonga- 
tion of 6% and a hardness of Rockwell C-23 in 
the sintered form. Heat treatment can raise the 
tensile strength to as high as 146,000 psi. 


Finishing Aluminum 
Auto Trim 


Aluminum has become a big part of automobile 
manufacture and one of the reasons is the ad- 
vances which have been made in bright anodizing. 
Bersuse the results that are obtained in production 
are scnsitive to slight variations in the finishin 
process, it is necessary to maintain tight contro 
over the four major steps— cleaning, chemical 
polishing, anodizing and sealing. These procedures 
—as now used at the Stamping Div. of Eaton 
Mfg. Co. for producing anodized aluminum auto 
trim — will be described in Metal Progress next 
month. 


METAL PROGRESS 


: 
| 
ve 
be 
4 
‘ 


HONEYWELL 


Three ways to get peak performance from your furnaces! 


1. Electr-O-Line Control Unit for position- 
proportioning control with reset and rate action. 

2. Electr-O-Pulse Control Unit for time 
proportioning control with reset and rate action. 

3. Electr-O-Volt Control Unit for current- 
proportioning control with reset and rate action. 


These new Honeywell three-mode control units 
can actually improve the performance of your 
furnaces by providing the exact temperature 
that’s needed. They include features that cannot 
be matched: Smooth three-mode control with 
extra-wide band adjustments. You can adjust the 


proportional band up to 500%; reset action from 
0 to 100 repeats per minute; and rate time from 
Otol10 minutes.Auto-man” switching is bumpless. 


Modular construction with interchangeable con- 
trol output sections. Modular plug-in construction 
is used throughout. Amplifier and power supply 
sections are the same for all three units. 


For more complete details on these and other 
types of furnace controls, contact your nearby 
Honeywell field engineer. Minneapolis-Honeywell, 
Wayne and Windrim Aves., Phila. 44, Pa. In 
Canada, Honeywell Controls, Ltd., Toronto 17, Ont. 


Honeywell 
Feats in 


Since tees 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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ADVANCED 


DESIGN 


RAIL ENDS 
CONNECTED 


FOR 
RIGIDITY 


Note the design details that—together— 
show the AECCo. approach to functional 


products. 


For maximum strength at minimum weight, 
this design uses metal to better advantage. 
For better resistance to thermo-mechanical 
fatigue, there are no sharp intersections or 
sectional variations. 

For better service, AECCo. proprietary cast- 
ing techniques assure better metallurgical 
structure. 

Rigorous application of fundamental and 
proven engineering principles—with AECCo. 
experience—results in advanced products of 
this type. 


HEAT RESISTANT CASTINGS 


RAILS IN ONE 
DIRECTION 


MAX. STRENGTH 
AT 
MIN. WEIGHT 


EVERY EDGE 
FULLY RADIUSED 
—CONSTANT 
METAL SECTION 


ATTACHING 
HOLES FOR 
BASKETS, ETC. 


AECCo. TUBULAR 
“TIE THRUS" 
FOR BETTER STRENGTH 


ADVANCED 
DESIGN 


HEAT RESISTANT ALLOY PRODUCTS 


sive Batter Service 


We take pride in our position as acknowledged leaders in “alloy” 
product design—and expect to continue to merit this recognition on 
an increasing range of products. 


Our unparalleled research and development background on casting 

and product design—our proprietary processes—our unique engineer- 

ing and technical staff—and the ever increasing list of customers ob- ’ 
taining outstanding service from our products—=,ll show our ability 

to make continuing contributions. 


COMPLETE ENGINEERING ANALYSIS—not superficial attention 
to a few obvious factors—means products that do better jobs. 


1700 W. Washington St., Champaign, Ill. : Fleetwood 6-2868 
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DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
producing progressive crystallization 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
ming and contro! unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


gineers will process your ° 


Z HIGH FREQUENCY 
LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N.Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE 
Circle 2272 on Page 48-8 
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McDONNELL AIRCRAFT CORPORATION, Lambert 
Field, St. Lovis, Missouri, is prime contractor 
for the Mercury Capsule, under the direction 
of the National Aeronautics and Space 
Administration. Photo shows capsule similar 
to the FREEDOM Vil used in successful launch. 


The time: May 5, 1961, 10:34 AM, EDT. The man: Commander Alan 
B. Shepard, Jr., USN, Astronaut. The event: launching of the Mercury 
Capsule with man on a down range step into space. The metal: titanium 
for a combination of strength and lightweight in the vehicle’s double 
wall stringer construction. 


A major supplier of commercially pure AMS4901 titanium in the Mercury 
Project, Republic Steel is the nation’s /argest producer of high-perform- 
ance metals. Republic is a new source of a complete line of precipitation 
hardenable stainless steels . . . the only source of continuous rolled stainless 
sheet up to 60” wide . . . the largest producer of stainless and alloy steels, 
and steels for cold extrusion. 

To meet the challenge of space, Republic Steel is looking deep into the 
microstructure of steel... pulling facts from the heart of steel . . . aim- 
ing at fantastic new steels with tensile strengths even beyond 400,000 psi. 

Republic’s 3-Dimensional metallurgical teams—composed of mill, field, 
and laboratory metallurgists—help you select, apply, and process the most 
economical metals capable of meeting requirements. This is a confidential, 
obligation-free service. For additional information, contact your Republic 
representative or mail the coupon on the opposite page. 


DESIGN ENGINEERS: Mail the coupon for a copy of 
Republic's new booklet, Products For The Design Engineer. 
Contains a useful Stainless Steel Selector Chart, and 
information on Republic High Strength Steels, Titanium, 
Electrical Steels, Vacuum Arc Melted Steels, and other high 
performance metals. 
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VACUUM ARC MELTED METALS... 


Processed into billets, bars, plates and sheets, 
strip, or wire, Republic Vacuum Arc Melted 
Metals are produced in 4,000- to 20,000- 
pound ingots. The consumable electrode 
vacuum-melting process improves tensile 
strength, ductility, fatigue life, and perform- 
ance at high and low temperatures. Precise 
control reduces nonmetallic inclusions and harm- 
ful gases. Republic helps you select the vacuum- 
melted metal best suited to requirements: 
constructional alloy steel, high strength alloy 
steel, bearing steel, stainless steel, super alloy 
steel, titanium, or special carbon steel. 


REPUBLIC PH STAINLESS STEELS... 


Republic PH 15-7 MO* for missiles and aircraft 
offers high ultimate tensile strength with ex- 
cellent mechanical properties to 1000°F. 
Republic 17-4 PH* for shafts, gears, pins, and 
other components requires only a one-hour heat 
treatment at 900°F to develop its full strength 
(ultimate tensile strength to 200,000 psi). 
Republic 17-7 PH* for pressure tanks, bellows, 
springs, and other applications provides better 
corrosion resistance than the hardenable grades 
of chromium stainless. Send for PH Stainless 
Steel Booklet. 


“Licensed under Pat. Nos. 2482096, 2505763 and Trade Mark of 
Licensor. 


REPUBLIC STEEL CORPORATION 
DEPT.MP -2207 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send PRODUCTS FOR THE DESIGN ENGINEER Booklet 
I would also like more information on: 

O Republic Titanium 

O Vacuum Arc Melted Metals 

O Republic PH Stainless Steels 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 
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Gives you complete safety 


in storing and transporting X-ray 


films plus these vmportant extras: 


1. Lightweight—strength without 
bulk. 

2. Light-tight—completely light 
sealed. 


3. Superior construction—protects 
film against artifacts. 


4. Durable—Long-wearing plastic fin- 
ish resistant to stains. 


5. Perfect size—carries just the right 
amount of film needed to do the job 

. . will hold a 75 sheet interleaved or 
150 sheet non-interleaved Pouchpak 
from a Superpak or Bulkpak® carton. 


6. Economy—costs far less than ex- 
pensive suitcase containers. 


7. Easier darkroom handling—cover 
opens and closes with ease in dark. 


But the new ANSCO-TAINER has to 
be seen to be appreciated! Handsome, 
versatile, the perfect darkroom-to- 
equipment-area X-ray film carrier. 
Pack it, pick it up and go. . . no bulky 
vases when bulk is unnecessary. As 
protective and as safe for your film, as 
the darkroom itself! Ansco, Bingham- 
ton, New York, A Division of General 
Aniline & Film Corporation. 


Versatile—the Ansco-Tainer is the right A few sheets or a single sheet . . . complete 
size for most jobs. Holds a complete Pouch- safety for exposed or unexposed film, with 
pak from a Superpak or Bulkpak carton. all the convenience of total portability. 
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Development of a LINDE welding process does not stop with its introduction. In the past BS 
18 months, we have invested over 3000 laboratory manhours to further improve the i 
UNIONARC welding process and equipment. New: portable UAM-2 machine, simplified 
UAW-2 torch, refined consumables. Improved equipment for an improved CO, steel 
welding process, featuring 

... wear-resistant flux and wire-guide tubes, super-hard “Stellite” torch body 

... automatic flux-CO, shutoff valve for precise flow of consumables 

...Stainless-steel hopper funnel for smooth flux feed 


...serrated V-groove drive roll (patent pending) for positive wire feed a 
Miniature machine —300 Ibs. lighter, uses 50% less space 
... refined flux that increases metal deposition rates F 
... proven results: dependable operation with minimum maintenance. ' 


a 
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Portable machine... 


produces 30-ipm... top-quality welds 


One of the nation’s largest construction-equipment manufacturers field-tested 15 UNIONARC 
UAM-2 machines full time—three shifts a day, six days a week—over 2000 hours per week. 
Maintenance has averaged less than 12 hour per machine per week, a downtime factor of 
less than 0.5 per cent. This is tested reliability that insures process advantages: 

... cost as low as 27¢/lb. of metal deposited 
..- deposition rates as high as 25 lb./hour 
... speed over 30 ipm on \% in. carbon-steel fillets 
-.- quality to strictest specifications— ASME, Military, Bureau of Shipping 
..- full penetration requiring less preparation, fewer passes, less wire. 


ARO 


On a preduction basis, these advantages mean substantial savings. A western pipe manu- 
facturer saved 25¢/ft. of weld on 28,000 feet of welds. A southwestern fabricator reduced 
welding time on three on-site storage tanks (9500 ft. of welds) from 1850 manhours to + .ily 
700 manhours. A northern manvfacturer eliminated expensive reworking of code assem- 
blies, gained 100% weld acceptance with UNIONARC compared to 50% to 90% with 
covered electrodes. A mid-western manufacturer eliminated beveling, and reduced pass 
and wire requirements on Schedule 40 pipe by 2:1 and 8:1 ratios respectively. 


UNIONARC welding is an ideal process for carbon steel. On a production basis, it is 
unquestionably faster and more economical than other CO, or covered electrode processes. 
It uses a wide range of readily-available, low-cost wires that meet any application need. 
It uses one flux, one low-cost CO, shielding gas. It has the speed and weld quality. of 
manual submerged-are welding, with the advantage of weld visibility. It is a sound, well- 
engineered process designed primarily for repetitive, high-production work on carbon steel. 
For these applications, the new UNIONARC UAM-2 machine offers outstanding cost advan- 
tages with a field-proven low-maintenance factor that produces clear-cut profit for its user. 
For detailed information or a live demonstration, call your nearest LINDE office. 


LINDE 


“Linde,” “Unionarc” and “Union Carbide” are registered U N 10 N 


trade marks of Union Carbide Corporation co MPANY CARBIDE 


Division of Union Carbide Corporation 
270 Park Avenue, New York 17, N.Y. 
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Charles Saenger, Chief Metallurgist for the Illinois Tool Works in Chicago, Illinors. 


“Unground form cutters aud hobs require certain refinements above and beyond those needed 
for ground tools. Our Lindberg-Upton salt-bath units and daily chemical control of the 
salt-bath solutions help us maintain an excellent surface condition and hold to critical dimensional 
tolerances and close hardness range required by these tools. We are very well pleased with the 
consistent, trouble-free service our Lindberg-Upton furnaces have provided month in and month out.” 


The success of Illinois Tool Works in producing their 
top-quality unground form cutters and gear hobs is a 
well-established fact. The banks of Lindberg-Upton 
furnaces in their plant provide quality control in high 
speed steel hardening through the ability to hold 
rigidly the desired temperature and also assure 
proper salt conditions at all times. : 


The solution to any salt-bath furnace requirement 
is easy to find. Just look to Lindberg, and the com- 
plete line of Lindberg-Upton high and low tempera- 
ture furnaces for every production process where 
salt-bath equipment is needed. For complete informa- 
tion just call the nearest Lindberg representative (he's 
listed in your classified phone book) or, if you prefer, 
write us direct. Salt Bath Furnace Division, Lindberg 
Engineering Company, 2448 West Hubbard Street, 
Chicago 12, Illinois. 

Los Angeles plant: 11937 S. Regentview A , DO y, California. 
In Canada: Birlefco-Lindberg Ltd.,15 Pelham Ave., Toronto 9, Ont. 
Also, Lindberg plants in Argentina, Australia, England, France, 
italy, Japan, Spain, Switzerland and West Germany. 
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CHARLES SAENGER tells 
how Lindberg equipment 
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1961 DETROIT METAL SHOW AND ASM 
MATERIALS COMPARISON CENTER 


Now, for the first time, executives, engineers, production and purchasing men can attend 
a Show that functions as a complete and coordinated educational and comparison center. 
Here, you—who make the important specifying decisions in this complex world of metal- 
working—can meet and compare. 


EXPOSITION SPECTACULAR 


Conceived, designed and dedicated to further the Detroit, with its new Cobo Hall, is the showplace 
contact of metalworking men of America with the that adds drama to the setting . . . and offers for 
educational advances and progress of the indus- the first time, exposition halls and technical meet- 


try, this metals spectacular is the “must see,” ing rooms that are all in one building for easy 
“must attend” event of 1961! traffic flow of visitors from one area to another. 


MARK YOUR CALENDAR NOW—OCTOBER 23-27, 1961—HOTEL RESERVATION 
FORMS WILL BE MAILED TO YOU EARLY IN JUNE 


American Society for Metals « Metals Park * Novelty, Ohio 
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Are You Receiving the Engineering 
and Scientific Papers in 
ASM’s New Quarterlies? 


Transactions Quarterly 


MARCH—JUNE—SEPTEMBER—DECEMBER 


Over the years, the annual bound volume of ASM Transactions 
has become one of the outstanding publications of scientific 
papers. Now, these papers are being published soon after ac- 
ceptance by the ASM Transactions Committee. 

The Transaction Quarterly for March, June and September 
will be devoted to scientific, research, and development papers ; 
the December issue will carry the Campbell Memoria! Lecture, 
the Annual Report of the Society, discussions of papers pub- 
lished in the year’s preceding issues, as well as the annual index. 
6x9. $3.00 per year to ASM Members. $10.00 for Non- 
Members. 

(Transactions will continue to be published in annual bound 
volumes. Vol. 53 containing 1960 papers will be available 
paperbound for ASM members only, $3.00 and cloth bound, 
ASM Members $6.00; Nonmembers, $15.00. 


gee Metals Engineering Quarterly 
ne ineerun 


Qua rterly FEBRUARY—MAY—AUGUST—NOVEMBER 


Technical papers of a practical nature make up the content of 
this new quarterly derived from programs developed by ASM’s 
Metals Engineering Program Committee. 


© METALS 


This periodical brings you papers presented at the National 
Metal Congresses, at regional metal congresses such as the 1961 
Western Metal Congress, and at regional programs developed 
through MEPC throughout the year. 814 x 11. $6.00 per year 
to ASM Members, Nonmembers, $10.00. 


AMERICAN SOCIETY FOR METALS Please enter my subscription to the [] Metals Engineering 
METALS PARK Quarterly, to the J Transactions Quarterly, beginning with 
, the current issues in stock. 
NOVELTY, Check here............if ASM Member __............ Please invoice my firm 
OHIO Enclosed is 


j Please add $2.00 for postage for each Quarterly publication, $1.00 for 
annual volume, if overseas. 
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From links of chains to wings of planes 
FATIGUE TESTING W/TH COMPLETELY AUTOMATIC CONTROL 


A fully automatic programer multiplies the versatility of the first machine 
to combine static and dynamic testing in a basic system of components. 
Endurance limit tests on either standard specimens or entire structures can 
be programed according to pre-set load levels, frequency and number of 
cycles. The automatic program unit governs cycles varying from 10,000 to 
10,000,000 before repeating. Manual control can take over at any point in 
the test program to apply severe overloads at random intervals. Ri&HLE-LOs 
Hydraulically Actuated Fatigue Testing Machines offer dynamic capacities 
of from 12,000 to 300,000 pounds. 


GENERAL PURPOSE TESTING CYLINDERS permit the application of flexural 
stresses to complete assemblies, such as aircraft wings and fuselages; hull 
sections of ships; engine parts; bridge girders and concrete beams. Loads 
of varying frequency and magnitude can be delivered either simultaneously 
or in sequence. 


RIEHLE TESTING MACHINES DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 
Divisions of American Machine and Metals, inc. 


TROY LAUNDRY MACHINERY ¢ RIEHLE TESTING MA- 

CHINES ¢ DE BOTHEZAT FANS ¢ TOLHURST CEN- 

TRIFUGALS ¢ FILTRATION ENGINEERS ¢ FILTRATION 

FABRICS « NIAGARA FILTERS ¢ UNITED STATES 

GAUGE ¢ AUTOBAR ¢ AUTOMATIC DEVICES «¢ LAMB 

ELECTRIC COMPANY . HUNTER SPRING COMPANY 
GLASER -STEERS CORPORATION 


RIEHLE TESTING MACHINES Dept. MP-66! 


NEW BULLETIN describes 
the RIEHLE-Los Hydraulically 
Actuated Fatigue Testing Ma- 
chine — complete with speci- 


Division of American Machine and Metals, Inc., East Moline, Illinois 
Please send Bulletin RF-2-61 nieHLe-Los Fatigue Testing Machine. 


fications, accessories and ee 


hydraulic flow charts. MAIL COMPANY 


COUPON: FOR YOUR COPY. 


ADDRESS 


CITY @ ZONE 
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Thickness Measurement of Strip 


In measuring the variations in 
thickness of metal strip up to 8 in. 
wide, the “Microrecorder” accomp- 
lishes in 90 sec. a job that takes 2 hr. 
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Plating Machine Reduces Finishing Costs 


A versatile plating machine with 
a built-in “brain” is producing dur- 
able electroplated finishes on appli- 
ances and trim at substantially lower 
costs. Designed and built by the 
Udylite Corp., the VIP (variable in- 
tegrated processing) machine has 
proved its value to industry by in- 
creasing production, decreasing labor 
costs and reducing maintenance up to 
70%. The VIP’s “brain” is a central 


+ control panel, operated by one man, 


from which a variety of transfers, 
delayed dips, barrel rotations, and 
dwell periods can be programmed to 


meet most plating requirements. Uni- 


formly good coverage and thickness of deposit is obtained consistently because 
of controlled automatic cycling. The “brain” regulates the amount of time each 
perforated barrel rotates over a tank, thus providing increased drainage and de- 
creased contamination of the succeeding solution. The unique controls on the 
machine provide another important feature—multiple indexing. This permits the 
programming of barrels through processing and plating tanks at difter 

of speed, keeping the plating tank full at all times and eliminating the necessity 
of having a barrel at every station of the machine. 

For further information circle No. 1940 on literature request card, p. 48B 


rent rates 


using hand micrometers. An electronic 
unit amplifies signals from a tracer 
and records thickness variations on a 
4 in. wide strip chart. There is a 
choice of five vertical magnifications 
(50,000 to 250X) and three horizontal 
magnifications (250X to 50X). Early 
detections of off-standard production 
of metal strip results in a reduction 
in mill rejects. Micrometrical Mfg. Co. 


For further information circle No. 1941 


Ground Tool Steel Flat Stock 


By using ground flat stock, tool and 
die makers can save money because 
it eliminates costly grinding and fin- 
ishing operations required to prepare 
hot-rolled bar stock for layout or 
hardening. Vanadium-Alloys Steel Co. 
“Ohio Die” steel (A.L.S.I. Type D-2) 
offers maximum resistance to wear 
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Security Engineering, a division of Dresser Industries, Inc., 
manufacturers of rock bits and tools for the oil and mining 


industries, depends upon “heat-beating” Cast HU alloy trays 
to combat years of punishment inside carburizing furnaces, 


Cast HU high-nickel alloy carburizing trays... 
Still on the job after 3 fiery years at I700°F. 


No “vacations” needed for these heat- 
treating trays used by The Security 
Engineering Division of Dresser Indus- 
tries, Dallas, Texas. They’re constantly 
fighting carburizing atmospheres that 
soon “retire” thin-sectioned trays of 
lower alloyed materials. Not even the 
brutal punishment of repeated thermal 
shock during oil quenching stops these 
trays. They’re made from Type HU* 
cast high-nickel alloy. (39% Nickel- 
19% chromium). 


3 Years at 1700°F...24 hours a day, 
these trays take on incandescent tem- 
peratures. Yet they don’t scale or flake 


—thanks to Type HU alloy’s superior 
resistance to carburization (and free- 
dom from sigma phase embrittlement). 


Casting cuts initial cost too. Right 
from the start, cast HU alloy trays save 
you money. They’re easy to make—cast 
in the design that suits your needs. 


Surface film stability—resistance to 
oxidizing and reducing atmospheres—is 
an important property of Type HU 
alloy. So is high creep strength and 
useful ductility up to 2000°F. And Type 
HU alloy is one of a family of high- 
nickel alloys especially effective in heat- 


treating applications. They’ve got extra 
long lives in the 1200-2200°F range. 


If you have design problems involv- 
ing high pressures, high temperatures, 
and corrosive conditions, find out more 
about Type HU and the other “heat- 
beating” alloys in the 72-page booklet, 
Heat Resistant Castings, Corrosion Re- 
sistant Castings ... Their Engineering 
Properties and Applications. It’s a 
reference book made for your files. 
Write for your free copy of A-266. 


*A.C.1. designation 


THE INTERNATIONAL NICKEL COMPANY, INC. 
INC New York 5, N. Y. 


67 Wall Street 


INCO NICKEL 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 


Circle 2204 on Page 48-B 
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and abrasion with ample toughness 
for rugged service. Capable of reach- 
ing a maximum Mo an of Rock- 
well C-63, the annealed flat stock is 
ground (0.010 in. oversize) to a 30 
micro-in. finish, is free from decarbur- 
ization and is readily machinable. 

For further information circle No. 1942 
on literature request card, p. 48B 


Wire-Straightening Machine 


The “Shuster Model V” automatic 
wire-straightening and cutting ma- 
chine, made by Mettler Machine Tool 
Inc., will handle high-tensile wire 
from 19 gage to 3/32 in. diameter, or 
low-carbon steel wire up to % in. 
diameter. The variable-speed, twin- 
arbor machine will torsion-straighten 


lengths of alloy, high-carbon, or 
Stainless steel wire, as well as music 
wire, at speeds twice as fast as previ- 
ously possible and can make 12,000 
cuts per hr. Features include two 
counter-rotating, five-station straight- 
ening arbors mounted on ball bearings 
and a Reeves drive for infinite feed 
range to suit any application. 

Circle No. 1943 on request card, p. 48B 


Conversion to Electrolytic 
Grinding 

Any conventional erg can be 
converted to electrolytic operation 
with a “Hi-Cut” power converter. 
Available in five standard capacities 
from 250 to 1500 amp., the units in- 
crease grinding s from 3 to 10 
times and reduce wheel costs up to 
90%. The power pack is quickly ad- 
justed to a specific job and maintains 
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optimum amperage output automat- 
ically. This feature permits more than 
one grinder to be handled by each 
converter. Superalloys, refractory 
metals and honeycomb sections can 
be ground without producing burrs or 
annealed spots. Hi-Carb Corp. 

For further information circle No. 1944 


Heating 


Fluidized Bed Furnace 


When a flow of gas is directed up 
through a bed of refractory particles, 
the fluid nature of the resulting dis- 
persion produces heat transfer rates 
approaching the rate of heating in a 
salt bath and the rate of cooling of 
an oil quench. The method provides 
better uniformity without the unde- 
sirable side effects of salt or oil. Batch- 
type units offered by Turnkey Engi- 
neering Co. Inc. result in a consider- 
able reduction in equipment size and 
operating costs due to the increased 
heat transfer rates. 

For further information circle No. 1945 


Scanner For Surface Hardening 


Offered as a standard accessory on 
high-frequency induction generator 
units, a new scanning device speeds 


up selective hardening of metal 
shafts. The unit features automatic 
speed controls, a spring-loaded cen- 
tering device which is adjustable for 
various shaft lengths, and an air-hy- 
draulic drive for rapid cycling. The 
centers rotate to provide uniform 
distribution of heat as the work is 
lowered through the h.f. coils, which 
are located within the cabinet for 
safety. C. I. Hayes, Inc. 

For further information circle No. 1946 


Rapid Indicating Controllers 


“Thermo-Electronic” indicator-con- 
trollers provide rapid, accurate, and 
automatic control for a wide Mee | 
of processes. They can be used wit 


Save Time—Save Labor—Save Material 


with Steel City 
Ductility Testers 


Test incoming material for drawing 
qualities to be sure it will do the 
job for which you bought it and 
you'll avoid scrap and eliminate 
costly wasted effort. How? With a 
Steel City Ductility Testing Machine. 
Two concentric pistons do the job. 
Outer piston grips test piece 
against head; inner piston makes 
the cup. Gripping and load appli- 


cation are automatic. Piston speed 
is easily adjustable. 


Distributors in most 
major metalworking areas 


8811 Lyndon Ave., Detroit 38, Mich. 


Available in two compact floor models for 
thicknesses up to Ye" and 4”, and a bench 
model for thin metals 0.001” to 0.062”. 
Hydraulic capacities up to 40,000 Ib. Speci- 
mens up to 4” wide tested with ease. Depth 
indicator incorporates friction brake to hold 
readings. Easy-to-read load gage has 
maximum-indicating hand. Write for detailed 
specifications. 
Write or call Steel City if you 
have any special testing problems 
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nicht are available for: Hardening 
ociens - Hot Forming - Billet Heating 


Melting Brazing - Soldering 
ond service facitities in 63 


hundreds of sensing elements, con- 
nected through multi-point switches, 
to provide two (on-off) or three-po- 
sition control. Built with — or 
potentiometer circuits, the -bal- 
ancing units offer 50 range scales and 
calibrations. Instrument accuracy is 
0.25% of full scale; sensitivity is 
0.125%, unaffected by normal varia- 
tions in line voltage or amplifier tubes. 
Thermo-Electric Co., Inc. 

For further information circle No. 1947 
on literature request card, p. 48B 


Portable Potentiometer 
The rugged “Quick Check” poten- 


tiometer eliminates the problems of 
battery balancing, thermocouple polar- 
ity, ambient temperatures, and con- 
version charts. This direct-reading in- 


ba 


strument, which can indicate tempera- 
tures from -300 to 3000° F., features 
an automatic reference junction, inter- 
changeable thermocouples, and has 
an accuracy of 0.5% of full scale. 
Pyrometer Service Co., Inc. 

For further information circle No. 1948 
on literature request card, p. 48B 


Automatic Pusher Furnace 
This three-zoned draw furnace pro- 


vides a maximum temperature of 
800° F. and features semi-automatic 
loading and unloading of work bas- 
kets. The first zone of the furnace 
has 20 kw. input to bring the load to 
temperature rapidly. The two soak 
zones each have an input of 10 kw. 
and all three furnace zones have a 
recording instrument for temperature 
control. The unit operates on 220- 
volt, 3-phase, 60-cycle power. Walt= 
Furnace Co. 

Circle No. 1949 on request card, p. 48B 


ZA Finishing 


Buffing Wheels 


A new buffing wheel design is in- 
corporated in the “Spyri-Roll” buff 
made by Geo. R. Churchill Co., Inc. 
The buffing element—either cloth or 
sisal in a range of densities—is made 
from one continuous strip of material. 
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Advantages of continuous spiral con- 
struction include double-cutting ac- 
tion and elimination of all streakin 
on the part. Since the refillable b 
cartridges are ready for mounting, 
75% of set-up time is saved. The 
wheels are offered in various widths 
up to 45 in. and in diameters ranging 
from 41 to 20 in. 

Circle No. 1950 on request card, p. 48B 


Vibrating-Rotating 
Tumbling Barrel 


The “Vibrotohone” barrel can pro- 
duce a wide range of finishes (includ- 
ing superfine) because the operator 
has simultaneous control of frequency 
and degree of vibration. This versa- 
tility permits handling many finishing 
jobs in sequence without reloading 
the barrel. Because of its rubber- 
mounted sion system and vari- 
able-drive principle, unit requires 
less horsepower than a similar conven- 
tional barrel. Minnesota Mining. 
For further information circle No. 1951 


Acid Inhibitor 


“Armohib 31”, an inhibitor for sul- 
furic, sulfamic, phosphoric, or citric 
acids used in metal cleaning and pick- 
ling operations, is a 100% active 
aliphatic nitrogen compound that does 
not precipitate or cloud in use or 


when idle. Readily soluble in acid, 
the inhibitor is non-staining and free 
from objectionable odors. During use, 
it provides a thin foam blanket to 
prevent acid foaming and _ splatter- 
ing. Armour Industrial Chemical Co. 
For further information circle No. 1952 
on literature request card, p. 48B 


BRAZING ALLOYING 
OUTGASSING + BAKE-OUT 


HIGH PRODUCTION RATES for 
alloying diodes, and brazing and 
outgassing tube components are 
assured with the new Hayes VAC- 
50 Series Cubicle Vacu-Master® — 
a compact, cold-wall vacuum fur- 
nace featuring full-size components 
consolidated into an _ attractive, 
space-saving cabinet. Also other 
outgassing and bake-out applica- 
tions, as well. 
IDEAL FOR SMALL JOB SHOPS, 
labs, and production lines whe 
space is re- 
stricted, 
VAC-50 is an 
integrated 
package, 
ready to be in- 
stalled any- 
where, simply 
by hooking up 
water and 
power con- 
nections. 
(Standard size 
has 8” dia. x 14” work area.) 
RAPID CYCLING is a big produc- 
tion plus. Max. temps. to 1200°C 
and vacuums to 10-4, 10-5 mm. Hg. 
or lower can be developed in a 
matter of minutes, and cooling is 
almost as rapid. Versatile, too, the 
standard unit is easily modified by 
change of element, baffles, etc. for 
heats to 1800°C. max. (7” dia. x 
12” deep work area). 
SIMPLIFIED WORK HANDLING 
is built-in. Heating chamber door 
and operating controls are on front 
of panel. A manually operated 
estal transfers work load from 
lower cooling section to stainless 
steel heating chamber. 
WIDE-OPEN ACCESSIBILITY 
through removable panels permits 
easy servicing. Fully-jacketed cold- 
wall furnace chamber prevents 
heat-up of auxiliary equipment, 
instruments, and surrounding area. 
Circuit is protected by automatic 
current limiting. 
RESULTS GUARANTEED! The 
Hayes answer to your heat treat 
problem comes as a complete pack- 
age ...including free start-up 
service in your 
plant, and full 
instruction of 
your staff. 
Write today 
for Bulletin 
6010B, to C. 1. 
Hayes, Inc., 
802 Welling- 
ton Ave., 
Cranston 10, 
Rhode Island. 


Cc. 1. HAYES, ww. 


Established 1905 
it Pays To See Mayes for metallurgical 
lab £. atmos. 


generators, 1s ond liquid dryers, ‘pHayes- 
master poner controls. 
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Because steels vary widely in analysis, Texaco offers four 
different quenching oils—each with a different cooling 
curve. QUENCHTEX 500, a straight mineral oil, is 
made for conventional quenching. QUENCHTEX 510 
and 520, both additive-type oils, are made for medium 
and high-speed quenching. MARQUENCH is for ele- 
vated temperature quenching. 


UNIFORM HARDNESS 
AND IMPROVED GRAIN STRUCTURE 


Since quenching is always at the correct rate, you get 
uniform hardness and improved grain structure in every 
piece—with no darkening of metal. Texaco quenching oils 
also have exceptional stability at recommended tempera- 
tures and high resistance to oxidation. 

Compatibility with other oils means you can use 
QUENCHTEX regardless of the oil now in your tanks. 


ANALYSIS AND 
TECHNICAL BULLETIN 


A Texaco Metalworking Engineer will be glad to evalu- 
ate your system and take the necessary steps to recom- 
mend the proper Quenchtex for make-up. 

You'll find much helpful information in Texaco’s 
booklet “Quenching and Hardening.” For your free copy, 
contact the nearest of the more than 2,300 Texaco Dis- 
tributing Plants, or write Texaco Inc., 135 East 42nd 
Street, New York 17, N. Y. 


a AIR 80°F 


STILLWATER 185°F 


QUENCHTEX 


L510 150°F 


QUENCHTEX 500 
150°F 


A 
BRINE or QUENCHT EX 
40°F | 520 150°F 


COOLING CURVES for QUENCHTEX 500, 510 and 520 as com- 
pared with air and water. 


TEXACO QUENCHING OILS 
ASSURE THE RIGHT 


OOLING RATE 
FOR ANY QUENCHING APPLICATION 


and Bearing Co., Ann Arbor, Mich. 


Tune In: Texaco Huntley-Brinkley Report, 
Mon. Through Fri.-NBC-TV 


TEXACO 


Throughout the United States 


PARTS COMING OUT OF A QUENCHTEX BATH aot Hoover Ball 


Canada + Latin America « West Africa 


MT-90 
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Welding 


4000-W att Ultrasonic Welder 


A spot-type welder, the “Model 
W-4000-FSR” made by Sonobond 

Corp., is effective in joining refrac- 

tory metals such as molybdenum, 
tantalum and tungsten because it is a 

. solid-state process which does not rely 
on melting the parent metal. In ad- 


dition to a throat depth increase to 
36 in., the new unit will operate with 
the power source remotely located 
from the welder. The ultrasonic 
coupling system is water cooled to 
permit high repetition rates at higher 
power than previously possible. 

For further information circle No. 1953 
on literature request card, p. 48B 


Welding of Thin-Gage Metal 


The “Model AH30-A” gun is de- 
signed specifically for gas-shielded 
metal-are welding of thin-gage fer- 
rous metals. For applications requir- 
ing ruggedness, high duty cycles, and 
a minimum of downtime—such as in 
the automotive industry — this air- 
cooled gun is ideal. The 60° goose- 
neck design and light weight permit 
access to hard-to-get-at places and 
lessens operator fatigue. Rated at 300 
amp. (d-c) reverse polarity for CO, 
welding, the gun uses 0.035 and 0.045 
in. diameter steel wire. Air Reduc- 
tion Sales Co. 

For further information circle No. 1954 


Universal AC-DC Welder 


The 300 amp. “Model TR” welder, 
introduced by Westinghouse, has 
auxiliary equipment for adapting the 
unit to any type of welding job. The 
machine, containing silicon rectifiers 
and operating from single-phase a-c. 
power, delivers a-c. current, or straight 
or reverse polarity d-c. current to the 
welding arc. It features built-in high- 
frequency equipment for TIG welding 
and automatically controlled water 
and gas flow. A wave balance control 
improves stability and balances clean- 
ing and welding portion of cycle. 

For further information circle No. 1955 


retorts and inner covers. 


SAVE YOU MONEY — Since we are able to work to 
lighter sections, PSC all-sheet alloy equipment costs 
you less than cast units. This light-wall construction 
saves in freight and handling time as well as in fur- 
nace time and fuel. Let us also save you 
se money by repairing your radiant tubes, 


METALLOGRAPHS 


Yes, REICHERT Metallographs are more 
versatile. Yet, you are not called upon 
to invest in superfluous features as your 
REICHERT metallograph will be equipped 
to meet your specific needs whatever 
they are. REICHERT metallographs offer 
the following special features: 


INTERFEROMETRY 
MICRO HARDNESS TESTING 
HIGH TEMPERATURE MICROSCOPY 
PHASE CONTRAST METALLOGRAPHY 

MACRO PHOTOGRAPHY 
NUCLEAR METALLOGRAPHY 


FIVE ALTERNATE LIGHT SOURCES 
POLAROID LAND BACK APPLICATION — 
TRANSMITTED LIGHT 3 


MACRO RANGE 4.5xto 20x 
MICRO RANGE 25x to 2000x 


Write for literature or request demonstration. 
Uninterrupted service facilities guaranteed. ; 


WILLIAM J. HACKER & COMPANY, INC. | 
Box 646 / W. Caldwell, N. J. / CApital : 


Clrele 2210 on Page 48-8 
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_ FURNACE TUBES & RETORTS | 

THE PRESSED STEEL CO.» Wilkes-Bare Po 
: Circle 2209 on Page 48-8 Fe | | 
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THE AMERICAN SOCIETY FOR METALS announces a series of intensive 


One Week MEI Summer Courses 


as 


Coarses will be held from 8:30 AM til 5:00 PM at quiet suburban inns where rooms will 
be available to out of town registrants. Here are the subjects, locations and dates: 


SUBJECT: PRINCIPLES OF HEAT TREATING 


June 26-30 (Mon. thru Fri.) Philadelphia, Pa—George Washington Motel 


Aug. 7-11 (Mon. thru Fri.) Pittsburgh, Penna.—Conley's Motel 
Aug. 23-30 (Wed. to Wed.) Detroit, Michigan—Dearborn Inn 
Sept. 11-15 (Mon. thru Fri.) Wallingford, Conn.—Yale Motor Inn 


SUBJECT: PHYSICAL METALLURGY 


July 17-21 (Mon. thru Fri.) Kent, Ohio—Kent State University Campus 


Class size will definitely be limited; to be assured of a reservation, write now. Cost is $125.00 per registrant (ASM members 
may register for $115.00 up to a month prior to class date) and includes daily coffee breaks, lunches, and farewell dinner. 


AMERICAN SOCIETY for METALS 
Department ME! 
PHILADELPHIA 
DETROIT 


Metals Park (Novelty) Ohio 
PITTSBURGH 
CONNECTICUT 


~ 
E 
: 
| 
| 
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Reduced welding time with im- 
proved weld uniformity is claimed 
for the “Equa-Press’ spotwelding elec- 
trode holder. It automatically exerts 
equal forging pressure through the 
two tip-holding barrels, regardless of 
minor variations in work thickness or 
electrode wear. The mechanical 
equalizing mechanism, water cooled, 
provides maximum conductivity 
through its working parts. By using 
offset tips, spotwelds up to 4. in. 
apart can be made. Air Reduction Co. 
For further information circle No. 1956 


Dry Coupling for Ultrasonic Unit 


Absorbent materials such as graph- 
ite or solid propellant fuels which 
might be damaged by liquid immer- 
sion or oil coating can now be tested 
with a dry-coupled flaw detector, 
the “Metalloradar”. The vibrating 
crystal is intimately coupled to the 
test object by means of a new syn- 
thetic membrane which also protects 
the face of the transducer. Optional 
attachments adapt the unit for direct 
numerical read-out, for flaw detec- 
tion or thickness measurement. Sensi- 
tivity: full-scale (3 in.) signal from 
a 1/64 in. hole in an Alcoa test block 
at 3 mc. Resolution: % in. at 5 me. 
from a 5/64 in. hole in test block. 
Circo Corp. 

For further information circle No. 1957 
on literature request card, p. 48B 


Mobile Magnetic Tester 


A 3000-amp. magnetic particle unit, 
which operates on a-c. or half-wave 
d-c. current, is effective in detecting 
flaws on parts too large for stationary 
wet units. Mounted on rubber cas- 
ters and weighing one-fourth as much 
as a comparable stationary unit, the 
“Mobile Ferroscope” will make mag- 
netic testing practical in many indus- 
tries with space limitations, such as 
foundries and forging plants. Picker 
X-Ray Corp. 

For further information circle No. 1958 
on literature request card, p. 48B 
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Metallographic Press 


Buehler’s “AB Simplimet” press, 
featuring an integral hydraulic sys- 
tem and center ejection with auto- 
matic mold base retraction, offers con- 
venient and rapid mounting of metal- 
lographic samples in transoptic or 
bakelite material. The molding tools, 
1 in. and 1% in. ID, are readily inter- 
changeable and the same slip-on 
heating and cooling devices accom- 
modate both sizes. A companion piece 
of equipment, the “1255 AB Surfmet” 
belt surfacer, provides a large 4 by 
9 in. surface, fully protected, for wet 
grinding operations. The machine can 
also be used for wet or dry production 
grinding of metal or plastic parts. 
Circle No. 1959 on request card, p. 48B 


Testing Long Specimens 

Samples up to 15 ft. in length can 
be tested rapidly on a transverse tester 
made by Tinius Olsen Testing Ma- 
chine Co. The built-in extension arms 
contain T-slots that permit rapid ad- 
justment of the two self-aligning a 


ports to any standard span. Infinitely 
variable test speeds from 0.02 to 2 in. 


per min. can be selected without 
changing gears. Any one of four color- 
coded range capacities can be selected 
or changed at any time during the 
test, since all ranges have a common 
zero and are pre-calibrated. Machines 
are available in maximum capacities 
from 60,000 to 400,000 Ib. 

For further information circle No. 1960 


Free-Machining Brass Rod 


“RC Hex” round-cornered brass 
hexagon rod provides weight saving, 
longer screw machine life, increased 
rod size capacity, and improved prod- 
uct appearance in such items as hy- 
draulic and automotive —_ The 
non-premium product is available in 
32 standard hex dies from % to 2% in. 
across the flats and can also be sup- 
plied in other alloys, including leaded 
Naval Brass, managanese bronze and 
nickel silver. Titan Metal Mfg. Co. 


For further information circle No. 1961 


HARDENING * BRAZING — 

SOLDERING + FORGING * ANNEALING 
MELTING SINTERING WELDING 
REFINING SHRINK FITTING 


THER-MONIC 
INDUCTION 
HEATING 


and know-how qualify us to 
prescribe the techniques | 


INDUCTION HEATING CORP. 
181 WYTHE AVE., BROOKLYN 11, N.Y. 


Subsidiary of Hathaway Instruments, Inc. 
Circle 2211 on Page 48-8 


Dual Electrode Holder 
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Over 5,000 installations. 
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Line cupolas, gun, with 
monolithic refractory castables! 


ot 


CHARGING 
DOOR 


CHARGING AREA 


compiled from job reports by Illinois Clay Products Co., Joliet, Ill., manufacturer of castables and other refractories for foundry use. 


Figures below 


Foundries that use castables made with LUMNITE calcium-alumi- 

nate cement to line cupolas have cut installation time 75%, reduced 

refractory costs 43%, and increased lining life 78%. Universal Atlas Cement 
Gun-applied castables in the charging zone and upper stack of Division of 

cupolas form a strong, joint-free lining that offers greater resistance United States Steel 

to erosion. The concrete lining may be gunned to any thickness, wa 
actually helps reinforce the shell, reaches full strength in 24 hours. “~~ te 
Castables for cupola linings are available from leading manufac- 

turers of refractories. For details on the use of LUMNITE cement, orrices: Albany + Birmingham = Boston Chicago = Dayton « 


Kansas City * Mil Pp 


write Universal Atlas, 100 Park Avenue, New York 17, N. Y. Pittsburgh * St. Louis « Waco 
Circle 2212 on Page 48-8 METAL PROGRESS 
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Gjoucn TON HEAT TREATING SALTS 


Test salt bath neutrality 


Liquid salt baths have long been 
recognized for their stability, free- 
dom from decarb and the protection 
they afford the surface being treated. 

Regardless of the inherent stability 
of molten salts, however, they do 
occasionally become contaminated 
which may result in decarburization. 
When this happens the metallurgist 
can use a simple homespun method 
to determine the bath’s neutrality. 

The hard way is a metallographic 
check, which involves cleaning, sec- 
tioning, mounting, polishing, etch- 
ing and examining a specimen under 
the microscope. This is costly and 
time-consuming. 

The simple way requires only an 
old razor blade, the double-edge 
type, and not one made of austenitic 
stainless steel. This method has been 
found very practical and accurate. 

The blade is hung on a wire and 
dipped into the hardening bath of 
molten salt (photo no. 1), leaving it 
immersed for about the same time as 
the work being regularly heated 
there, and at the same temperature. 
Then it is quenched rapidly in water 
(photo no. 2). 

Now for the simple bending and 
breaking test. Hold the blade in two 
hands and bend it. If it breaks with 
a brittle fracture (photo no. 3), the 
bath is neutral—no tendency to de- 
carb. But if it bends before breaking 
(photo no. 4), this evidence of duc- 
tility indicates that the bath is de- 
carburizing. 

The ductility or absence of duc- 
tility indicates the condition of the 
salt bath. If the blade is ductile and 
can be bent 90° or 180° before 
fracturing, the steel is partially or 
completely decarburized. If the blade 
is not ductile but breaks with a 
brittle fracture, the bath is in good 
condition and work may be proc- 
essed satisfactorily. 

This simple test saves much time 
and the need for expensive metallo- 
graphic equipment. It is not 100% 
sure, but our metallurgical friends 
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quicker with a razor blade 


find it very helpful for a quick and 
revealing test of the effect of molten 
salt on metal. 

Heat treaters have come to expect 
the best from Houghton. And along 
with product purity, speedy delivery 
and well packaged materials “the 
best” includes assistance and cost- 


saving “hints” such as the razor 
blade test. Houghton makes and 
services salts for carburizing, hard- 
ening, annealing, tempering, quench- 
ing and nitriding. For the Salt Bath 
Catalog, write E. F. Houghton & 
Co., 303 W. Lehigh Avenue, Phila- 
delphia 33, Pa. 


Houghton 


‘NOustpy’s PARTNER PRODUCTigy 


Circle 2213 on Page 48-B 
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* Also Tempil® Pellets 
and Tempilagq® (liquid form) 


Tempilstike°—« simple and 
accurate means of determining preheating 
and stress relieving temperatures in 
welding operations. Widely used in all 
heat treating—as well as in hundreds 

of other heat-dependent processes 

in industry. Available in 80 different 
temperature ratings from 113°F 

to 2500°F . . . $2.00 each. 


Send for free sample Tempil® Pellets, 
State temperature desired . . . Sorry, 
no sample Tempilstiks’ . 


Most industrial and welding supply 
houses carry Tempilstiks’ ...1f yours 
does not, write for information to: 


| 
. 
132 West 22nd St, New York 11, N Y 


Circle 2263 on Page 48-8 


A glimpse of the 
finished stock ware- 
house...non- 
metallic resistor 
Harrop electric fur- 
naces ready for final 
instrumentation and 
immediate shipment. 
Call on Harrop when 
you want a furnace 
in a hurry ... gas 
or electric. 


FROM STOCK 
HARROP FURNACES 
| To oRDER 


When you have any 
problem requiring 
the design and con- 
struction of precision 
equipment .. . for 
the controlled appli- 
cation of heat... 
for the measurement 
of the effect of tem- 
perature ... call on 
Harrop's highly spe- 
cialized skills. 


For Non-Obligating Recommendations, supply 
information on materials, temperature range, heat 
control, firing objectives . . . write Dr. Robert A. 
Schoenlaub, Director of Research, Harrop Precision 
Furnace Co., 3470 E. Fifth Ave., Columbus 19, O. 


HARROP PRECISION FURNACE CO. 


( Division of Harrop Ceramic Service Co.) 
Circle 2264 on Page 48-8 


Tempil® corporation 


You ask for it—we'll send it! 


New booklet tells all about 
GRAFO—the super-protector 


Use GRAFO Water Products for high heat and excessive 
pressures, for press forging, extruding, etc. Use GRAFO 
Oil Dispersions for hammer forging, oven conveyors and 
general industrial applications. 


> Send for this booklet, explaining the proper graphite 
dispersions for specific operations. Use the coupon. 


GRAFO COLLOIDS Corporation « Sharon, Pa. 


Mail this coupon foday 


GRAFO COLLOIDS CORP. 1 
279 Wilkes Place, Sharon, Pa. 


Please send new booklet on GRAFO colloidal dispersions, to 
Name of Company 
c/o Mr. 
Street 
City Zone 

Circle 2265 on Page 48-B 
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Allegheny Stainless 
m for heauty with a function 


For sinks and hardware . . . stainless steel, the logical choice. Here is 

an application where Allegheny Stainless can really shine, literally. 

; Under the roughest use, under the battering of heavy pots and 
pans, under constant detergents and grease residue, the stainless 

surface remains unblemished, free of nicks or chips, and no corrosion 

or dark stains from chemically treated water, either. Stainless is 

easy to fabricate and finish, too. The new, special quality stainless 
steels now available make tough draws like bowls, drains, and 
baskets a simple matter. And, stainless can be the most economical 
metal for plumbing fixtures and hardware . . . looks better, longer, too. 


AA With aut cishwashers ... there is freedom 
: | | from a thankless task. Stainless steel helps 


keep it that way. Only pump impellers of 
stainless steel can be trusted to deal out the 
Niagara-like rush of water needed to power-wash and 
power-rinse dishes really clean. And with Allegheny 
ai, Stainless, there’s no corrosion, no erosion, no chance of 
staining dishes. There are stainless guides and channels to 
insure easy, no-stick operation of the door and trays. There — 
is stainless out of sight . . . in manifolding, seals, seats and 
drains . . . for real peace of mind. There is stainless in plain 
view .. . door fronts, counter-high tops, hinges and hardware... 
for ease of cleaning, and long lasting, tasteful elegance. 


For garbage disposers ... another thankless kitchen chore 
where long wear, sanitation, and corrosion resistance are absolute musts. 
Stainless steel’s unique properties . . . excellent machinability and retention of 
hardness, corrosion resistance, and joint strength after welding or brazing. . . have 
proven ideal for this application. Whether in the flywheel, the cutter ring, the 
inner shell, or just for appearance’s sake, Allegheny Stainless is unsurpassed . . . 
by any standard of comparison. 


For heating coils . . . Type 332 Allegheny 
Stainless sheathing provides heat and scaling 
Ae resistance to 1650 F. For high strength at red 
wd heat to support the heaviest pots and pans without 
| = deforming, for sliding wear resistance and ultimate clean- 
aa ability, for economy in high wattage surface units 
or low wattage oven units . . . for all these 
reasons, stainless steel and kitchen heating 
are inseparable. But stainless has more to offer 
... 4 flash of brilliance in the trim ring around 
the burners—odor-free, wipe-clean drip pans 
under the burners—decorative wall tile 
spatter-shields—an entire 
custom cook top, gleaming 
bright and utterly impervious. 


For decorative panels . . . for door-fronts and 
gleaming accents, for strictly show and for practical, 
chip-proof, scuff resistant beauty, too . . . stainless steel 
simply can’t be topped. More than a coating... a 
plating, even . . . Allegheny Stainless is stainless 
utility and beauty clear through. Whether a soft, 
frosty luster is indicated by the final decor. . . 
or a brilliant mirror’s shine, or any kind of 
rolled-on pattern you can dream up...stainless steel by 
Allegheny Ludlum can do it better, for longer, and 
for far less than you think. 


Appliances and Allegheny Stainless 
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IDEA STARTERS 


Patterns An endless variety of decorative surface patterns can 
be mill-produced on Allegheny Stainless Steel. Generally achieved by 
specially prepared rolls, these patterns are often extremely practical as well 
as ornamental, serving to protect and stiffen the decorated panel, and to 
diffuse reflected light in interesting and useful ways. Virtually any design 
that can be drawn on paper can be reproduced on stainless steel. 

Aside from its practical aspects, A-L patterned stainless also serves to 
broaden the scope of a designer’s imagination. It can be used gracefully to 
break up large, flat areas of stainless panels, to cause the eye to focus on 
one aspect of an appliance design over another, and to emphasize or mini- 
mize shape and apparent dimension. Patterns can be obtained over any 
surface finish, and unlimited combinations of mirror-bright and softer 
lusters are possible. For light weight and freedom from dents and scratches, 
let Allegheny Ludlum show you what patterned stainless can do for your 
product line. 


Textures Where even greater strength, stability, and resistance 


to warpage and “‘oil canning” are required, a wide variety of heavily tex- 
tured or Rigidized patterns is also available. These textured impressions, 
either unidirectional or multidirectional, are considerably deeper than those 
on patterned stainless and have a marked stiffening effect on the decorated 
panels, permitting economically lighter gages of Allegheny Stainless to 
be specified. 


Finishes The appliance maker is limited in his choice of stainless 
finishes only by the degree to which fabricating and joining marks must be 
blended into the final appearance of the surface. Available Allegheny Ludlum 
finishes cover the complete range from frosty white through a brilliant 
mirror shine, with the softer finishes permitting more grinding, buffing, and 
blending to remove all trace of weld beads, scratches, and other fabricating 
marks. 

It is a highly questionable practice, however, to habitually specify mirror 
finishes, and especially to attempt a glass-like polished flatness in large 
areas. An appearance of waviness, even on exceptionally true surfaces, 
inevitably results due to light reflectivity. Highly reflective finishes also tend 
to reflect light as a sharp line image at right angles to the lay or “‘grain”’ of 
the polish, and may tend to introduce distracting elements into an 
appliance design. 

These difficulties are eliminated with the softer, brushed finishes, whose 
frosty white gleam can be integrated beautifully into any design treatment 
without regard for reflections. 


Esgpanded Stainless Many designs are now 


incorporating the beauty of Allegheny Stainless in the relatively 
new, functional form of expanded metal. To all the useful attributes of 
stainless steel, expanded metal can add the ability to control admission 
of light, heat, liquid, semi-solid, gas, and sound to or from any enclosure. 
For the more practical applications, expanded Allegheny Stainless can be 
utilized as baskets, guards or gratings, operating in any environment and 
under service conditions that would ruin other materials entirely. For 
purely decorative uses, the gleam of stainless can be retained in the ex- 
panded grid-like pattern to add soft or sparkling accents to door fronts, 
vents, and other functional appliance openings. 


Appliances and Allegheny Stainless 
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... for your design notebook 


An important service which Allegheny Ludlum extends to the American metalworking industry is the 
maintenance of one of the country’s finest research and development organizations to search out new 
methods, new steels, and new ideas. Many of the recent developments should be of considerable interest 


to the appliance industry. 


TYP E 430 The phenomenon of roping is an excel- 


lent example. Some appliance fabricators were running into 
a furrowed, wrinkled appearance in their product after 
severe stretching operations. Aside from heavy mechanical 
polishing to remove these lines or “‘ropes,”’ rejection was 


BRIGHT ANNEALING Speaking of polishing, 


it used to be necessary to buff up the surface of the strip 
because of the dulling, pickling treatment employed to 
remove oxide after mill annealing. Not any longer. Allegheny 
Ludlum’s bright annealing process has been in full pro- 
duction since November 1, 1960, annealing stainless in 


A-L 43 3 There’s even a new steel to try on your tough 
corrosion problems. Tentatively called A-L 433 and patent 
applied for, this copper-moly modification has the greatest 
corrosion resistance of any straight chromium stainless steel. 


the only alternative. A-L’s solution was a combination of 
processing and alloying steps which produced uniform 
ductility across the strip. A-L Type 430, low roping 
quality, is already in use throughout the country. It’s 
worth investigating. 


pure, dry hydrogen on a tonnage basis. No oxidation, no 
surface-dulling pickling needed to remove it. The bonus is a 
clean, bright surface ready for fabrication with little or no 
buffing needed. For a really pretty shine, ask your A-L man 
to show you a #2 Bright Annealed finish sample. 


Developed from Type 430, and available now at no price 
premium over the standard 430, A-L’s new 433 is especially 
suited for applications where contact corrosion has been 
a problem. 


AND, here are other developments worthy of your notice: 


There is much going on with stainless steel cladding. There are flat disc cooking surfaces 
in the works made up of a stainless-copper sandwich with heating coils nestled inside. 
Its most obvious advantage is more efficient transfer of heat to pan bottom, plus better 
looks. Cast griddles are coming in for their share of attention, too. There’s considerable 
interest in a thin stainless cladding to improve the appearance and the functional surface 
finish, and to eliminate buffing the castings. 


There’s a coating under development that has a lot of people wondering. It’s destined 
to make finger-marking and water spots on seldom cleaned stainless a thing of the past. 
Maybe, it will be used in much handled areas. But, more important perhaps, it has one 
other extremely interesting ability. It can retard heat tinting on stainless grades not 
otherwise immune to this disqualifying characteristic. This makes it ideal for oven 
liners, since it will produce a surface that is bright and reflective, and will stay that way 
through years of carefree resistance to spilled-on, baked-on foods. And, it should be 
valuable in preserving the gleaming good looks of functional range hoods and kitchen 
exhaust system components. 


All these things come out of research. All are new or 
fairly recent developments. All come from Allegheny 
Ludlum, the acknowledged leader in research in the 
specialty steel industry. 

But, there’s more being done, and much more yet to be 
done. There’s interest once again in stainless wire. . . 
for refrigerator and oven shelving, for freezer baskets, 
for springs, fasteners, and other applications. Strong 
enough to permit considerable reductions in bulk and 
weight, stainless steel wire is moving back into its 
rightful place in the kitchen once again. 


There’s work being done with new stainless applica- 
tions . . . with jobs that only stainless can perform, like 
the developmental dishwasher with built-in garbage 
disposer. And all this work is being done with Allegheny 
Ludlum as an active, interested partner, keeping pace 
with the needs and desires of the appliance industry, 
working with the appliance maker and backing him up 
with the A-L team of research and service specialists, 
unmatched anywhere. If you could use an experienced, 
helping hand with your metal problem, your A-L 
development specialist is only a phone call away. 


Appliances and Allegheny Stainless 
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Large or small . . . by the ounce or in 25 pound slices . . . stainless steel 

offers the same lustrous beauty and honest utility to custom kitchen 4 
builders and gadget makers alike. Sparkling, easy-to-keep-clean kitchen 4 
utensils of stainless steel will keep their display counter shine in spite of 4 
constant exposure to kitchen acids and stains. Whatever the job, however 
often or infrequently the utensil is scoured and cleaned, stainless steel - | 
will keep it bright and shiny, ready for the close-up scrutiny of the most 
fastidious housewife. Eat from it, drink from it, or boil your coffee in it 
. . . you can depend on it when it’s Allegheny Stainless . . . practical, 
functional, elegantly indestructible. 


a General Headquarters: Oliver Building, Pittsburgh 22, Pa. 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 


LITHO INU S.A 
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rnace roof are formed of B&W 


castable. B&W Kaocast or Kaocrete-32 can be successfully 
used, depending on severity of service. 


Nose arch of walking beam type furnace for heating forgings is 
made of Kaocast, B&W's 3000 degree castable. Kaocast is 
also used in forming complete forging furnaces, 


The higher temperatures in industrial processes have called 
for refractory castables that will stand up in these severe 
services. B&W offers two extremely durable, high temper- 
ature refractory products—Kaocrete-32 for applications 
up to 3200 F, and Kaocast with a 3000 F use limit. Both 
have high strength, unusual volume stability and excellent 


How B&W refractory castables solve 


THE BABCOCK & WILCOX COMPANY 


High thermal release burner block is cast of B&W Kaocrete-32. 
Both Kaocrete-32 and Kaocast are used for burner blocks and 
other services in many other furnaces. 


This high speed barrel type heating furnace is typical of 
many which are completely lined with high temperature B&W 
Kaocast. 


problems 


resistance to spalling and slag attack. Investigate B&W 
specialized refractory castables for solutions to your high 
temperature problems. 


B&W Bulletin R-35A gives additional information on versa- 
tile B &W refractory castables. Write for copy to The Babcock 


& Wilcox Company, 161 East 42nd Street, New York 17, N.Y. 
R620R 


REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 
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BOX TYPE 


Sintering — Bull. BFS-360 
Ory Hydrogen — Bull. HB-460 


As a contract sintering specialist, Presmet Corporation of 
Worcester, Mass. uses this Harper Mesh Belt Furnace to 
sinter iron and iron graphite parts as well as to infiltrate 
them with brass or copper. 

Placed on the wire mesh belt, green compacts move suc- 
cessively through a 1500° F gas-fired binder burnoff 
chamber, a volatile-vent chamber, a 2050° F high heat 
chamber equipped with silicon carbide elements, an insulated 
pre-cooling chamber and a water jacketed cooling chamber. 

Designed specifically for sintering, the Harper furnace 
includes several unique features for positive counterflow of 
atmosphere gas, proper disposal of volatiles, easy ash 


stability, part strength insured 


removal, quick duplication of belt speeds, and accurate 
control of temperature profile. 

Says Presmet, “This furnace has fully measured up to 
expectations in maintaining product quality. With volatiles 
completely discharged from the vent chamber, parts emerge 
from cooling soot-free. A high degree of dimensional and 
strength control is achieved.” 

For detailed information on Harper Mesh Belt Sintering 
Furnaces such as this, request Bulletin MSF-361. Literature 
on other types of furnaces shown below is also available 
promptly. Write for one or more of the bulletins listed. 
Harper Electric Furnace Corp., 40 River St., Buffalo 2, N. Y. 


FOR BRAZING, SINTERING, BRIGHT ANNEALING, AND FORGING IN RESEARCH AND PRODUCTION 


MESH BELT 
Sintering — Bull. MSF-361 
(CD Straight Thru — Bull. MB-960 


( Hump Type — Bull. HMB-960 


FURNACES 


Circle 2215 on Page 48-B 
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0 Gleber — 
Bull. GT-1059 


ELEVATOR 
OD Bull. EF-260 


0 Graphite — 
Bull. CT-1159 


Zoned — 
Bull. ZT-361 
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| “fast, new best forging range: for 


A fast, easy and economical, new Carpenter test takes much of the guesswork out of hot working 
high temperature alloys. The results, when correlated with other Carpenter test data and mill experi- 
ence, reveal the best working temperatures—help forge shops get better finishes with less machine 
clean-up . . . less wasted steel . . . fewer rejects . . . faster fabricating. 

Based on tensile-impact . . . Using a modified tensile-impact test method, impact strength, elonga- 
tion and reduction of area in an alloy are determined over a range of temperatures. By plotting 
tensile-impact properties as a function of temperature, the hot working range of the alloy can 
quickly be established. (see chart) 

New, improved Carpenter techniques and quality controls like this, are your best assurance of easy 
forgeability and consistent uniformity in high temperature alloys. For details, or data on Carpenter's 
VACUMELTROL® and CONSUMET® vacuum melted products, call your Carpenter representa- 
tive today. 


[arpenter «fee! 


you can do it consistently better with Carpenter Specialty Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
> \ Export Dept., Port Washington, N.Y.—“CARSTEELCO” 
Alloy Tube Division, Union, N.J. 
Webb Wire Division, New Brunswick, N.]. 
Carpenter Steel of New England, Inc., Bridgeport, Conn, 
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ADVANCED HEAT ENGINEERING 


puts non-stop surface hardening in this 
automated production line 


® 
2 
CINCINNATI INDUCTRONS are 


Automotive shock absorber piston rods move down ° 
this transfer line at the rate of 16 hardened and % ideally suited for a wide range of production 
finished ground parts per minute. The “‘in-flight” Mi line heating applications. The power unit can 
surface hardening is accomplished by a SOKW, be remotely located, with a compact work 
450KC CINCINNATI INDUCTRON® radio a station positioned in the line. And Cincinnati 
, gives you the advantage of skillfully applied 
be work handling systems, engineered by machine 
tool builders having long experience in transfer 


frequency heating machine. 
As the part speeds from an initial grinding 
operation, simple, ingenious tooling feeds and Has tooling 
If you employ heat as a manufacturing tool, you 
will benefit from Cincinnati Advanced Heat Engi- 


simultaneously rotates the part through the 
neering. Write direct, or discuss your requirements 


heat coil and quench ring. Uniform surface 
hardness of Rc 50, 0.020” depth, is produced 
with a Meta-Dynamics application engineer. 


This is an ALL-CINCINNATI transfer line. In 
addition to the Inductron indicated are loading 
and transfer mechanisms, plus five standard 
Cincinnati No. 2 Centerless Grinding Machines. 


on part after part. 


THE CINCINNATI MILLING MACHINE 


Circle 2217 on Page 48-B 
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Steel 


1964. 17-4PH Stainless 
Armco Steel Corp. has published data 
on 17-4PH stainless steel; stronger than 
with corrosion resistance in the 
Cc 5 


1965. Toolsteel Selector 

The Allegheny Ludlum toolsteel “Steel- 
ector” booklet contains selector cards, de- 
scriptions of the various toolsteel paces, 
and explains individual “Data Stoc 
available for each grade. 


1966. Alloy Steel Booklet 

“Quick Facts About Alloy Steels” pub- 
lished by Bethlehem Steel Co. Elemen- 
tary information on steel heat treatment, 
properties, and microstructures. 


1967. Stainless Steel 

Catalog “Armco Stainless Steels” dis- 
cusses applications for stainless sheet, 
strip, bar, and wire in 60 analyses and a 
broad range of sizes and finishes. 


1968. Austenitic Stainless 

8-p. booklet explains nature and occur- 
rence of sigma phase, as well as its chemi- 
cal composition, identification, and effect 
on mechanical properties and corrosion 
resistance. Electric Steel Foundry Co. 


1969. PH Steels 

Republic Steel Corp. offers literature 
on 17-7 PH and PH 15-7 Mo stainless steels 
for improved properties and formability. 


1970. High-Strength Steel 
“N-A-Xtra 100” is code approved for 
unfired pressure vessels. Great Lakes 
Steel Corp. will send copy of AS.ME. 
Code Case No. 1297 covering this applica- 
tion. 
1971. Free-Machining Stainless 
Brochure from Universal Cyclops con- 
tains data on “Uniloy 303MA”, a free- 
machining grade of stainless which has 
corrosion resistance superior to Type 303. 


1972. Metal for Enameling 

“Direct-On” porcelain enameling with 
the new “Univit” enameling iron assures 
real production economy. Information 
from Armco Steel Corp. 


1973. High-Speed Steels 

Crucible Steel Co. of America has pub- 
c pu “ w out- 
lasts similar alloys better than 2 to 1. 
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1974. Iron Powders 

iron powders offer desi, 
flexibility and new fabricati possibil- 
ities. Alan Wood Steel Co. will send you 
complete information. 


1975. Leaded Steels 

Hob two idler gears for the price of 
one. Pamphlet from Aristoloy Steel Div. 
gives you the facts. 


1977. Zirconium Products 

“Zirconium Data File” gives informa- 
tion on production of Zr and Hf, melting, 
wrought products, alloys and properties, 
fabrication, and applications. Car n- 
dum Metals Co. 


1978. “Handbook of the Alloyist” 

Discusses advantages of several ups 
of alloys used in the electrical and elec- 
tronics industries. Properties and typical 
applications are given. H. K. Porter Co. 


1979. Molybdenum Sheet 

A.S.T.M. reprint presents data on prop- 
erties and applications of molybdenum- 
base sheet. Climax Molybdenum Co. 


1980. Nickel Alloys 

International Nickel Co. has application 
data and engineering information on 
nickel, its alloys, and the various grades 
of stainless for unusual conditions of 
stress, fatigue, heat or cold, or corrosion. 


1981. Cobalt and Nickel-Base Alloys 
4-p. data sheet lists physical and me- 
chanical properties, corrosion resistance, 
thermal treatments, fabricating data, 
available forms, and applications of 13 
alloys. Cobalt Information Center. 


1982. Rare-Earth Metals 

Brochure from Lunex Co. contains in- 
formation on high-purity rare earth 
metals including neodymium, yttrium, 
and lanthanum. 


1983. Ductile Vanadium 

Vanadium Corp. of America has pub- 
lished “Ductile Vanadium: Techniques 
That Make Fabrication Easier”, which 
discusses new fabricating techniques for 
hot-worked and cold-worked ductile 
vanadium including annealing range, ex- 


truding methods, machining and welding. 


1984. Beryllium Cop 
The Brush Beryllium Co. offers a data 
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Continuous carburizing 
furnace replaces pack 
processing ata profit. 

Several pack carburizing furnaces have been 
replaced by one Surface continuous gas carbu- 
rizing furnace which has paid off for the White 
Motor Company. 

They have improved the quality and uniformity 
of finished parts as a result of superior process 
control. At the same time, they are cutting inspec- 
tion costs and realizing more efficient floor space 


SURFACE COMBUSTION, Toledo 1, Ohio/ a division of Midland-Ross Corporation Ny =| 


utilization. Costly supply inventories required by 
former processes have been eliminated. 
Atmosphere carbon potential in two of the five 
furnace zones is monitored automatically by a 
Surface Autocarb® System. Parts requiring press 
quenching are removed through a special slot door 
at right angles to the regular discharge door. The 
57° furnace carburizes 700 pounds/hour of ring 
gears, spider gears, studs, pins, and heavy parts. 
Write for information: 2377 Dorr St., Toledo 
1, Ohio. In Canada: 2490 Bloor St., West, Toronto. 


SURFACE 
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sheet on “Pennrold 25” a heat treatable 
beryllium copper alloy which attains the 
highest mechanical properties of any cop- 
per-base alloy. 


1985. Hollow Conductors 
Anaconda American Brass Co. has pre- 
red a pamphlet on fluid-cooled (hol- 

ow) copper electrical conductors. 


1986. Copper Alloy 

“Ampocoloy 405” an aluminum-silicon- 
copper alloy extruded by Ampco Metal, 
Inc. is used for high-production screw 
machine work. Brochure presents me- 
chanical and physical properties and spe- 
cifications. 


1987. “Tin News” 

The Malayan Tin Bureau will give you 
a free subscription to “Tin News”, a 
monthly bulletin on tin supply and new 
ures. 

1988. Aluminum-Lithium Alloys 

Report 4073 on the physical and me- 
chanical properties of some aluminum- 
lithium alloys has been issued by Lithium 
Corp. of America, Inc. 


1989. Thorium-Magnesium Alloy 

Vitro Chemical Co. has released litera- 
ture on a thorium-magnesium master al- 
loy plus a complete range of pure metals 
of the rare-earth family. 


1990. Aluminum Extrusions 

Aluminum Limited Sales, Inc. has com- 
piled a list of independent aluminum ex- 
truders who can produce any shape you 
require. 


1991. Specialty Alloys 

Brochure “Alloys For Industry” lists 
a wide range of specialty alloys including 
phosphor bronze, nickel silver, cupro- 
nickel, Monel and Inconel. Riverside- 
Alloy Metal Div. 


Materials 


1993. Molybdenum Dies 
Molybdenum ingot for forging into ex- 
trusion dies for steel, titanium and other 
metals is now available. Sylvania Electric 
Products Inc. will send details. 


1994. René 41 

Technical Bulletin No. 86 discusses René 
41, the most dependable alloy in use today 
in the 1200 to 1800°F. range. Cannon- 
Muskegon Corp. 


1995. Thermal Fatigue 
Electro-Alloys Div. will send you a re- 
rt entitled “The Mechanism of Thermal 
atigue”, by H. S. Avery. 


1996. Corrosion Data Charts 

The corrosive effects of 400 different 
materials on 16 different alley systems— 
including Hastelloys, Monel, nickel, In- 
conel, aluminum, tantalum, titanium and 
zirconium—are shown in data chart pub- 
lished by Nooter Corp. 


1997. Refractory Metal Chart 

Offered by Fansteel Metallurgical Corp. 
Lists the properties of the refractory ele- 
ments tantalum, molybdenum, 
and columbium. 


1998. High-Temperature Alloy 

16-p. booklet discusses “Haynes Alloy 
56”, a lower-cost, high-temperature alloy 
with good strength and oxidation resist- 
ance in the 1200-2000° F. range. Haynes 
Stellite Co. 


1999. Superalloy 

“René 41” is vacuum-induction melted 
for higher strength and ductility. The 
alloy can be forged, welded, or formed. 
Details available from General Electric. 


1963. Automatic Welding 
Sciaky Bros. Inc. has published 
a 28-p. booklet which describes 
new automatic fusion welding 
equipment and controls. Exten- 


sive experience in controls for 
resistance welding equipment has 
been applied in developing com- 
pletely integrated precision weld- 
ing packages including power 
supplies and weld sequence pro- 
gramming. 


2000. 1800 to 2300° F. Service 

“Supertherm” is a 26% chromium, 35% 
nickel alloy stablized with cobalt and 
tungsten. Application information and 
other details available from Electro- 
Alloys Div. 


2001. Diffusion Coatings 

Folder from Haynes Stellite Co. dis- 
cusses diffusion coatings—* nonporous 
surfaces for metals and a, /s which in- 
crease oxidation resistance at tempera- 
tures to 2300° F. 


2002. Ceramic Coatings 

The Norton Co. will send complete de- 
tails on “Rokide” coating process, an 
economical way to protect parts and 
equipment against extreme abrasion and 
temperatures to 


2003. Molecular Bonding 

The molecular bonding process is de- 
scribed in 12-p. leaflet from Al-Fin Corp. 
Aluminum can be bonded to low-carbon 
or alloy steel, Kovar, cast iron, molyb- 
denum or stainless steel. 


2004. Heat Resistant Cast Alloys 

The Alloy Casting Institute has issued 
a 12-p. pamphlet listing 46 technical 
papers, articles, reprints, and data sheets 
on alloy selection, applications and 
foundry practice. 


2005. Graphite Products 

If your operations require refractories 
to handle molten iron inside or outside 
the cupola you will realize economic 
advantages by using carbon and graphite 
products. Data from National Carbon Co. 


2006. Inconel Alloy 

Technical Bulletin T-7 sets forth the 
details on Inconel, a nickel-chromium 
alloy with outstanding corrosion re- 
sistance and good high-and-low tempera- 
ture properties. Huntington Alloy Prod- 
ucts Div. 


2007. Ultra-pure Graphite 

Brochure on ultra-pure graphite re- 
views applications, purity limits, avail- 
able sizes and physical properties. Speer 
Carbon Co. 


2008. Space Age Ceramics 

The Coors Porcelain Co. has released 
literature discussing the “Rokide Process” 
for producing oxide coatings on the sur- 
face of metals to withstand high tem- 
peratures. 


2010. Toolsteel Guide 

Written by Dr. B. L. Averbach of M.LT. 
“Toolsteels,” a basic guide to the use of 
tool and die steels has been published by 
Climax Molybdenum Co. 


2011. Toolsteels 

Bethlehem Steel Co. will send illus- 
trated Booklet No. 532 covering oil and 
air-hardening toolsteels. 


2012. Toolsteel Identification 

The Gorham Tool Co. has published 
their ninth edition of a 26-p. booklet 
covering classifications and symbols for 
identification of high-speed steels 


2013. Machining of Metals 

16-p. engineering report, “A Yield Cri- 
terion Applied to the Shear-Angle Rela- 
tionship” by B. N. Colding, is available 
from Cincinnati Milling Machine Co. 


2014. Machinable Carbides 

Pamphlet No. 40 from Sintercast Div. 
describes “Ferro-Tic C,” the only ma- 
chinable carbide. Stock sizes, fabrication 
ideas, application case histories and other 
technical data are included. 


2015. Metal “Distintegrator” 

Jiffy Tool Supply Co. will send you 
information on the “Model D-1 Metal 
Disintegrating Machine” for removing 
broken taps, drills and reamers from 
machined parts. 


2016. Cold-Work Tool Steel 


Pamphlet from Carpenter Steel Co. 
contains information on “Hi Wear 64,” a 
tungsten tool and die steel that offers 
up to four times the service life of high- 
carbon, high-chromium steels. 


2017. High-Speed Tool Bits 

Firth Sterling Inc. has issued leaflet 
covering high-speed tool bits. Included 
are typical analyses, recommended uses 
and sizes of three standard grades. 


2018. Slide-Rule Calculator 

Latrobe Steel Co. will send you a slide 
rule price estimator and weight calculator 
for the company’s line of high-speed tool 
steels and die steels. 


2019. Carbide Dies 


52-p. Booklet 261 outlines complete 
line of carbide dies and includes charts 
on carbide selection and characteristics 
plus information on lubrication of dies 
and materials. Oberg Mfg. Co. Inc. 


2020. Metalworking Newsletter 


The Yoder Co. announces publication 
of “Product News” which gives you quick 
reports on product developments and new 
applications for metalworking equipment. 


2021. Metal-Forming Machines 


The Fenn Mfg. Co. has released a 
brochure covering metal-forming ma- 
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brightens 

any table 

with 

Mutual Chromic Acid 


This Coffeemaster is typical of the 
handsomely and durably finished fine 
appliances made by Sunbeam Corporation, 
Chicago, II]. They owe their sparkling 
good-looks to Sunbeam plating skill and 
Mutual® Chromic Acid. 


Mutual Chromic Acid is always 99.75% 
pure—or better. Its low sulfate content 
(less than 0.1% ) makes it easier for 

you to control the acid-sulfate ratio 

of your plating bath. This safeguards 
against plating difficulties—and expensive 
rejects! 


To learn more about Mutual Chromic 
Acid and the Mutual line of chromium 
chemicals ... uses, properties and 
comprehensive technical data . . . write 
for your free copy of Solvay’s 80-page 
Technical Bulletin, “Chromium 
Chemicals.” Our Technical Service 
Staff will also be happy to answer your 
questions. State whether you would like 
to have a representative call. 


SOLVAY® PRODUCTS FOR PLATERS 


Mutual Chromic Acid « Solvay Caustic Soda * Solvay Hydrogen 
Peroxide *« Solvay Methylene Chioride * Mutual Sodium 
Chromate « Mutual Sodium Bichromate * Solvay Soda Ash 


SOLVAY PROCESS DIVISION 
61 Broadway, New York 6, N.Y. 
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chines drewbendhes, wire and 
tube mills, tur heads, swaging ma- 
chines, and rolling mills. 
2022. Tool Steel Selector 
“Steelector” bulletin from Allegheny 
Ludlum Steel Corp. contains three steel- 
selector cards which list tool steel grades 
that will suit 96% of all tool steel ap- 
plications. 
2023. Short Run Tooling 
Data Sheets 25 and 26 describe three 
low-cost tool steels suitable for short 
run toolin: Grades A110, 
2V72, and 2090 trom Heppenstall Co. 


Heating 


2024. Heat Treating Chart 

Tempil Corp’s four-color chart, “Basic 
Guide to Ferrous Metallurgy,” illustrates 
forging, ne annealing, transforma- 
tion, stress-relieving, blue 
brittle, normalizing, and carburizing 
ranges, as well as grain size changes vs. 
temperature. 


2025. “Heat Treat Review” 

Contains discussion of new develop- 
ments in high-temperature gas carburiz- 
ing, including heating curves, photo- 
micrographs of test samples, and illustra- 
tions of carburizing equipment (Vol. 11, 
No. 2). Surface Combustion Div. 


2026. “Heat-Proof” Coating 

“C-R” coatings protect a wide range 
of metals against oxidation, corrosion, 
scaling, and gas absorption at tempera- 
tures as high as 2100°F. during heat 
processing operations. Markal Co. 


2027. Special Furnaces 

The Harrop Precision Furnace Co. has 
prepared literature illustrating the com- 
pany’s capabilities and describing some 
of their specialized furnaces in detail. 


2028. Hump Furnaces 

Brochure HMB-960 illustrates line of 
17 hump mesh belt furnaces for con- 
tinuous brazing, annealing, 
sintering. Harper Electric Furnace Corp. 


2029. Heat Treating Costs 

Pittsburgh Commercial Heat Treating 
Co. has solsneed a booklet “The Cost of 
Heat Treating” which will assist com- 
panies now doing their own heat treating 
to establish the cost ef this operation. 


2030. Isothermal Quench 

Bulletin 700 from Ajax Electric Co. tells 
about the “Cataract Isothermal Quench” 
which gives accurate and uniform results. 


2031. Optical Pyrometer 

Pamphlet No. 85 describes “Pyro” opti- 
cal pyrometer which instantly measures 
temperatures of minute ts and fast 
moving objects; ranges: 1 to 7500° F. 
Pyrometer Instrument Co., Inc. 


2032. Heat Treating Salts 

Park Chemical Co. will send literature 
recounting the advantages of their heat 
treating salts in tool hardening operations. 


2033. Metal Quenchants 
Information from E. F. Houghton & 

Co. on metal quenchants for improved 

mechanical properties and uniformity. 


2034. Bright Treating Stainless 
C. I. Hayes, Inc. will send Bulletin 
FAJ-1 on the “Belltemp” atmosphere 
furnace for bright treating stainless steel, 
precipitation hardening beryllium copper 
and other quality applications. 
2035. Vacuum Induction Furnaces 
Folder from Asea Electric Inc. describes 
vacuum induction furnaces for producing 
better steels. 


2036. Furnace Tubes 

Brochure illustrates line of furnace 
tubes and retorts fabricated by The 
Pressed Steel Co. 


2037. Thermocouple Wire 

Pamphlet 31-16 presents data on “Ce- 
ramo” metal-sheath ceramic-insulated 
thermocouple wire for rapid and 
consistent accuracy. Thermo Electric Co. 


2038. Tool Hardening 

Sentry Electric Furnaces has issued 
Brochure 10-H on an electric furnace for 
hardening high-speed tool steels. 


2039. Conveyor Furnace 

SEC-13 from Sunbeam Equip- 
ment Corp. sets forth details on a con- 
veyor muffie furnace for copper brazing 
or annealing or hardening of stainless 
steel—up to 2100° F. 


2040. Induction Heater 

A pamphlet on an induction heater 
which can cut your heat processing costs 
appreciably has been issued by Allis- 
Chalmers. 


2041. Low-Temperature Cabinets 
Revco, Inc. has a brochure illustrating 
complete line of ultra-low temperature 
cabinets for many industrial applications 
which require temperatures down to 
—140° F. 
2042. Industrial Furnaces 
Standard, modified or specially designed 


furnaces manufactured by Pacific Scien- 
tifie Co. are illustrated in 12-p. catalog. 


2043. Furnace Controls 

Bulletin B43-ld contains 40 pages of 
information on “ElectroniK 15” potentio- 
meters, millivoltmeters, thermocouples, 
“Radiamatic” detectors, thermometers and 
other industrial controls. Minneapolis- 
Honeywell Regulator Co. 


2044. Increasing Wear Resistance 
Folder from Lindberg Steel Treating 
Co. tells about “Tufftriding,” a molten 
salt bath technique for increasing wear 
and fatigue resistance of components 
made of plain or alloy steels or cast 
irons. 
2045. Tube Heat Exchangers 
24-p. Brochure No. 101 describes line 
of shell and tube heat exchangers avail- 
able in 25 shell diameters and three stand- 
ard tube lengths. Griscom-Russell Co. 


2046. Vacuum Heat Treating 
Hevi-Duty Electric Co. has prepared 

Bulletins 557 and 653A on vacuum fur- 

omer operation at temperatures to 


2047. Vacuum Furnaces 

Marshall Products Co. will send litera- 
ture on specialized furnaces for high- 
temperature testing up to 4000° F. 


2048. Induction Heating 

“Tocco” induction heating anneals Ripe 
welds in the welding line. The Ohio 
Crankshaft Co. will send bulletin “Typical 
Results of Induction Annealing.” 


2049. Treating Small Parts 

Surface Combustion Div. has issued 
pamphlet on the “Allcase” furnace for 
treating small machine components in a 
carbon-controlled atmosphere which ad- 
justs automatically. 


2050. Hump Furnace 

The Electric Furnace Co. has issued a 
leaflet discussing a fuel-fired, muffie-tube, 
wire-mesh-belt furnace for bright an- 
nealing of stainless. 


2051. Refrigeration Systems 

Data sheet and catalog give full in- 
formation on Harris Mfg. Co. “Cascade” 
refrigeration systems for low-temperature 
industrial uses. 
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RESEARCH 


BY TRANSLATED 
SOVIET BY WESTERN 
EXPERTS SCIENTISTS 


SOVIET ELECTROCHEMISTRY 


(Proceedings of the Fourth Confer- 
ence on Electrochemistry) 


The full texts of reports read by 
leading Soviet scientists, as well as 
discussions which followed the presen- 
tations. Published in three volumes. 


VOLUME I—KINETICS AND PO- 
LAROGRAPHY contains papers on 
electrochemical kinetics, the electrical 
double layer, adsorption at a metal- 
solution boundary, hydrogen over- 
voltage, diffusion kinetics and polar- 
ography. 

VOLUME II—REDUCTION AND 
OXIDATION deals with reduction, 
oxidation, electrodeposition, electroso- 
lution, oxygen overvoltage, passivity 
and corrosion. 


VOLUME III — APPLIED contains 
reports on applied electrochemistry, 
electrodeposition, nonferrous metal- 
lurgy, chemical sources of current and 
electrolysis in the chemical industry. 


over 225 pages pes volume 


$15.00 per volume 
Special set price: $40.00 


CONTEMPORARY 
PROBLEMS OF 


METALLURGY 
Edited by A. M. Samarin 


Published by Consultants Bureau 
for the Board of Governors os Acta 
Metallurgica under a grant from the 
National Science Foundation. 


Offers Western scientists a compre- 
hensive review of the most significant 
research and industrial ayplications in 
the field of metaltargy developed in 


the Soviet Union, ina \ Last 
Germany. 
530 pages $16.00 


THE METALLURGY 


OF SEMICONDUCTORS 
by Yu. M. Shashkov 


In this up-to-date survey of semi- 
conductor metallurgy, the two main 
semiconductor materials—germanium 
and silicon—and their physical and 
chemical properties are discussed. A 
detailed review of chemical methods 
of purifying these elements is fol- 
lowed by a description of metallurgical 
methods of purification. 


208 pages $9.50 
Complete contents upon request 


BUREAU 


227 W.17 ST. NEW YORK 11,N 


Circle 2220 on Page 48-8 


: 


ZINC COATED STEEL 


Is The Proven Answer To These 


Corrosion Resistance + Formability Make Continuous Gal- 
vanized Sheet The Most Practical Material For Both Painted 
and Unpainted Washer and Dryer Parts. 


MAYTAG protects product quality and profits by using 
15,000 tons of continuously galvanized steel per year for washer 
and dryer parts. 


After extensive tests, Maytag engineers decided that 
galvanized steel gave them the most practical combination of 
strength, excellent corrosion resistance and ductility for low 
cost fabrication. This zinc-coated material is used on both 
painted and unpainted parts to provide lasting protection 
against the combined corrosive effects of water, heat, humidity, 
soaps, detergents, bleaches, abrasion and aeration. 


Intermediate ‘steps in the fabri- 
cation cabinet — 19° 
ga. galvan 


The tenacious, protective zinc coat remains unim- 
paired, adhering to the base metal through deep drawing, bend. 
ing, rolling, seaming, stamping and other operations. 


This combination of properties is responsible for the 
recent development of a wider use of galvanized steel in the 
automotive industry. Critical corrosion problems in vital parts 
of the new unitized automotive members have been solved by 
the use of continuously zinc coated steel. 


St. Joseph Lead Co. supplies zinc ‘“‘electronically-matched” 
to the individual specifications of continuous line galvanizers. 


ST. JOSEPH LEAD CO. 


250 Park Avenue, New York 17, N. Y. 
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2052. Therm les 

Catalog G100-4 describes the Ra 
line of small diameter, mineral-insulated 
thermocouples produced by Minneapolis- 
Honeywell. 


2053. Rotary Hearth Furnaces 

Brochure from American Gas Furnace 
Co. describes complete line of furnace 
equipment and accessories and includes 
details on a rotary retort and recipro- 
cating hearth furnace for small parts 
heat treating. 


2054. Laboratory Furnace 
Zircoa “Hot Pot” lab furnaces meet all 
= requirements to 4600°F. Brochure 
m Zirconium Corp. of America. 


2055. Thermocouples 

Bulletin 1200-4 contains complete de- 
tails on “Serv-rite” sheathed thermo- 
couples in a wide range of sheath ma- 
terials and a size range from 0.020 to 
0.500 in. OD. Claud S. Gordon Co. 


2056. Quench Oil Coolers 

Bell & Gossett Co. has released catalog 
and simplified selection manual on 
“Hydro-Flow” self-contained quench- 
oil cooler units. 


2057. Vacuum Heat Treating 

Data and specifications on the “VFC- 
300” automatic vacuum heat treating 
unit will be sent to you by Ipsen Indus- 
tries, Inc 


2058. Furnace Hoods 

Information from Stanwood Corp. on 
“Cor-Wal” vertical furnace h 
lighter weight yet greater strength and 
less distortion at high temperatures. 


2059. Process Controllers 

The Bristol Co. will send data on the 
versatile and economical “Series 624 A/D” 
pneumatic controller. 


2060. Optical Pyrometers 

Solve high-temperature measurement 
problems beyond the scope of_conven- 
tional pyrometers with e “Pyro-650” 
qetaeuate optical pyrometer. Bulletin 614 
from Instrument Development Labora- 
tories, Inc. 


2061. Continuous Processing 

6-p. folder illustrates application of 
vertical and _ horizontal for 
ferrous and nonferrous strip. Surface 
Combustion Div. 


_ Thermocouple Alloys 

+ catalog manual from Hoskins 
Mig 'o. contains detailed information on 
the entire family of Chromel-Alumel 
thermocouple alloys plus helpful applica- 
tion data. 


Finishing 


2064. Finishing Equipment 

Catalog A661 shows the wide range of 
finishing and poopeating uipment and 
systems that R. C. Mahon Co. fabricates 
and installs. 
2065. Chromium Plating 

Bulletin 261 from Frederick Gumm 
Chemical Co. discusses “CLEPO 199-R” 
for activating pte parts prior 
to chromium plating. 
2066. Chromate Conversion Coatings 

Allied Research Products, Inc. has re- 
leased “Technical Data Chart on Chro- 
mate Conversion Coatings” and an 8- 


discussion entitled “Practical Cyani e 

Zinc Plating.” 

2067. Protection Against Rust 
Brochure 611 covers features, applica- 
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tions and packagi of “Rust-Lick 606” 
a ‘ang Ane lubricating mist which pro- 
vides g time protection against rust. 
Rust-Lick, Inc. 


2068. Nickel Stripper 

Flyer from Enthone, Inc. tells about a 
noncorrosive nickel which does 
not attack steel, copper, brass, or solder. 


2069. Selection of Cleaners 

14-p. booklet “Chemicals for Ultrasonic 
Commieg provides information on prop- 
erties of most commonly used cleaning 
chemicals as well as suggested one 
tions and operating p ures. Branson 
Instruments, Inc. 


2070. Rust Preventative 

Flyer from Magnus Chemical Co. con- 
tains information on an emulsifiable rust 
preventative that is applied directly to 
dry surfaces or to surfaces wet with water 
or soluble cutting oil. 


2071. Chemical Milling 
16-p. brochure gives the facts on 
“Metal-Etch Resist” which speeds up 
and simplifies deep-etch weight reduction 
rations and other parts manufacturing. 
astman Kodak Co 


2072. Aluminum Cleaner 

Bulletin B-6395 from Oakite Products, 
Inc. discusses “Cleaner 164,” an alkaline 
cleaner for all aluminum alloys. 


2073. Glass Shot 

Brochure “A Story of Glas-shot” out- 
lines capabilities of the product in many 
cleaning operations. Microbeads, Inc. 


2074. Ultrasonic Cleaners 

A leaflet illustrating the 20-kc. line 
of ultrasonic cleaners, self-tuning and 
transistorized, is available from Acoustica 
Associates, Inc. 


2075. Electroplating Processes 

24-p Bulletin EP-103 discusses 19 platin, 
and other metal finishing processes an 
Hanson-Van Winkle-Mun- 
ning Co 


2076. Zinc Coating 

The Wilbur & Williams Co., Inc. offers 
Brochure P-16A on a new galvanized 
coating which is onuety 95% zinc metal 
in liquid form, applied like ordinary paint 
and capable of withstanding surface tem- 
peratures up to 400° F. 


2077. Bright Dip for Stainless 
hae Diversey Corp. has issued a leaflet 
the “DS-9” bright dip process for 
poli and descaling 300 Series stain- 
by simple chemical immersion. 


Oy Welding 


2079. Applied Weldesign 

The Lincoln Electric Co. is 
a series of studies in a sppped weld 
Folder 1204.3 is entitl ares Rigidity 
and Save Weight in Thin Flat Structures 
By Designing in Welded Steel.’ 


2080. Welding and Brazing 

56-p. catalog and instruction manual 
covers welding, brazing, soldering and 
fluxes. Properties, uses and application 
data included. All-State Welding Alloys. 


2081. Welding Guide 

a. “Vest Pocket Guide to Better 
Welds” published by Hobart Brothers 
Co., gives data on proper welding pro- 
cedures and techniques, causes and cures 
of welding troubles, welding symbols, 
electrodes, definitions, joints, wires and 
fluxes, and power sources. 


2082. Plasma Spraying Process 


Brochure 101 explains the plasma 
ing process and applications in igh 
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Carbon /Graphite Facts 


for METALLURGISTS 


NATIONAL 


with non- 


furnaces performing, 


to your 


fine powders to 
muiti-ton blocks 


“National,” “Union Carbide,” “‘N” and 


Shield Device are registered trade-marks 


for products of 


NATIONAL graphite, which is created by 
thousands of degrees of heat, has more use- 
ful properties for aero-space heat-resisting 
applications than any other material. 
Rocket nozzle inserts, vanes, and other 
components withstand temperatures of 
5000° F in fractions of a second. Graph- 
ite not only maintains dimensional stabil- 
ity, but gains strength as temperature rises. 
Light, non-melting graphite is the top an- 
swer to spacecraft thermal needs. 


Circle No. 2223 on Page 48-B 


HEATING elements employing NATIONAL 
graphite provide excellent thermal, electri- 
cal, and mechanical advantages. Graphite 
elements can be fabricated to almost any 
configuration. The more common configu- 
rations are: hairpin or slotted plate type 
resistors and tubular and helical units that 
provide maximum resistance and require 
minimum space. Special shapes are readily 
available from NATIONAL CARBON’s com- 
pletely equipped machine shops. 
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A wide variety of materials can be effec- 
tively melted—by electrical resistance, 
induction, or radiation—in crucibles of 
NATIONAL graphite. Most molten metals 
do not attack graphite and are not contami- 
nated by it. Typical applications include: 
melting of aluminum alloys, exotic and 
precious metals, and quartz. NATIONAL 
CARBON can supply crucibles up to 61” in 
diameter. 

Circle No. 2292 on Page 48-B 


WHATEVER your stock requirements in 
graphite, National Carbon Company —the 
nation’s most experienced graphite pro- 
ducer—can meet them with a wide variety 
of “off-the-shelf” square, rectangular, and 
cylindrical shapes, as well as fine-to-coarse 
powders and particles. Stock is available 
in quantity and a variety of grades—ready 
to be machined by your own equipment or, 
better still, by NATIONAL CARBON’s skilled 
craftsmen in our modern machine shops. 
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temperature protection, fabrication of 
parts of “unworkable materials” and dep- 
osition of carbide hardfacing. Plasma 
Systems Corp. 


2083. Automatic Welding 
Developments in automatic precision 
welding equipment for such miniature 
electronic parts as transistors and diodes 
are descri in publication issued by 
National Electric Welding Machines Co. 


2084. TIG Welding Guide 

A new guide designed to assist welders 
in the proper use of tungsten electrodes 
has been published by Sylvania Electric 
Products Inc. 


2085. Hardfacing Alloys 

Haynes Stellite Co. has released a book- 
let entitled “Haynes Hardfacing Alloys 
in Coils.” 
2086. Heavy-Duty Welders 

Bulletin NH-185 from National Cylinder 
Gas Div. describes six models of a com- 
bination AC/DC heavy-duty industrial 
arc welder. 


2087. Hardsurfacing Electrode 

Data sheet on a hardsurfacing electrode, 
“Hardalloy 120,” for joining such dis- 
similar metals and 4 Ged-te-wele steels as 
austenitic manganese to carbon steel or 
to T-1 steel. The McKay Co. 


2088. Silver Brazing Alloys 

4-p. brochure entitled “Aircosil Silver 
Brazing Manual” has released by 
Air Reduction Sales Co. 


2089. Welding Electrodes 

Ampco Metal, Inc. has prepared a series 
of data charts on bronze welding elec- 
trodes, bare filler rods and wire. Included 
is data on melting rates and efficiencies, 
specifications and recommended welding 
currents. 


2090. Electron Beam Welding 

You can combine precision research and 
practical production electron beam weld- 
ing in one equipment installation. In- 
formation from Sciaky Bros., Inc. 


2091. Brazing Honeycombs 

For high-temperature high-strength ap- 
plications, selection of the brazing alloy 
is at least as important as the metals to 
be brazed. General Electric will send data 
on brazing powders which provide high 
strength up to 1800° F. 


WC Hardfacing 

For best results in hardfacing 
“Clecoloy” tubular tungsten carbide. 
Clemet Products Div. will send literature. 


2093. Solder Foil 

2-p. Data Sheet Z-109 describes high- 
purity solder foil with minimum thick- 
ness of 0.0005 in. and widths up to 6 in. 
Accurate Specialties Co., Inc. 


2095. Intermediate Solders 


Bx * intermediate solders possess 

wettability, corrosion-resistance, 

foo bility and workability. Bulletin from 
the Indium Corp. of America. 


2096. Stress Relieving of Welds 

32-p. booklet answers many of the ques- 
tions about why, when and what Ewe 
heat and stress-relieve. Booklet 249 
from Hobart Bros. Co. 


2092. 


Testing 


2098. Specimen Mounting Material 
The Fulton Metallurgical Products 
Corp. has published a brochure describing 
“Quickmount,” a fast-setting, self-curing 
imen mounting material that pro- 
doess clear mounts without application 
of heat or pressure. 
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2099. Potentiometers 

Catalog from Daystrom, Inc. spovtins 
detailed specifications on 1544 standard 
subminiature “Squaretrim” precision po- 
tentiometers. 


2100. Profile Recorder 
 - brochure tells about the “Profi- 
er,” an instrument for measuring and 
recording roundness, roughness, flatness, 
waviness, scratches, flaws and total sur- 
face profiles. Micrometrical Mfg. Co. 


2101. Humidity Cabinets 

6-p. Pamphlet 7005C describes con- 
trolled humidity cabinets featuring 
“Power-O-Matic 60” saturable reactor 
controls. Blue M Electric Co. 


2102. X-Ray Diffraction 

X-ray tubes driven by constant-poten- 
tial d-c. power produce characteristic 
x-rays a. while the high volt- 
age is on. RCA will send leaflet. 


2103. Spectrographic Equipment 
Pamphlet from Jarrell-Ash Co. explains 
compact atomcounter. Substantial 
savings in analytical costs are possible 
with this unit. 


2104. Portable X-ray Units 

Leaflet from Curtiss Wright discusses 
in 140, 160, 200 and 260 kv. 


2105. Metallographic 
“B & L” metallographs help industry 
boost output and maintain quality by 
providing detailed —— images for 
routine work and advanced research. 
Catalog E-232 from Bausch & Lomb. 


2106. Potentiometers 

Minneapolis-Honeywell offers a pam- 
phlet summarizing data on “ElectroniK 
17” potentiometers which contain a 
“Stranducer” rebalancing element that 
replaces the slidewire. 


2107. Radiation Thermometer 

Low-cost radiation thermometer “Ther- 
modot Model TD-6” measures and con- 
trols temperature to 3300° F. without con- 
tact. Bulletin R-103 from Radiation 
Electronics Co. 


2108. Hardness Testing 

Illustrated reference book contains in- 
formation on all hardness testing pro- 
cedures. Clark Instrument, Inc. 


2109. Stereophotomicrography 

The American Optical Co. has published 
two pamphlets on a “Spencer Cycloptic” 
stereoscopic microscope and a “Spencer 
637” stereocamera attachment. 


2110. Hardness Testing 
Details on a low-cost motorized and 


accurate Brinell testing machine will be 
provided by Steel City Testing Machines. 


2111. Spectrometric Analysis 

The “BA” direct-reading spectrometer 
can make 700 chemical analyses per shift. 
Information from Baird-Atomic, Inc. 
2112. Superficial Tester 


Catalog RT-60 from Wilson Mechanical 
Instrument Div. presents the facts on a 
superficial tester, as well as a full line 
of Rockwell hardness testers. 


2113. Temperature Control 


Alnor Instrument Co. will send in- 
formation on the “Pyrotroller” which 
provides dependable automatic control 
of temperatures in heat treating furnaces. 


2114. Mbotorized Hardness Testers 
By removing major test loads auto- 


matically, motorized “Kentrall” testers 
reduce operator error and hwy 
ductive capacity. Bulletin CRS 0 from rom 
Torsion Balance Co. 


2115. X-Ray 
8-p. folder entitled “Isolation of Selec- 


VACUUM 


FURNACE 


..- for heat treating 
up to 2600°C. 


The NRC Equipment Corporation 
Model 2914-A High Temperature 
Vacuum Furnace has a 3” diameter 
by 6” high hot zone of resistance 
heated tantalum for operation up to 
2600°C. The furnace is used for high 
temperature vacuum sintering, braz- 
ing, annealing, heat treating, and is 
adaptable for vacuum tensile testing 
and quenching. 


NRC furnace designs are based on 
actual furnace operation experience, 
plus years of valuable manufacturing 
experience. Both factors count heav- 
ily in design of high temperature 
vacuum furnaces. 


This furnace gives you reliable performance 
because of these exclusive design features: 


Resistance Heated Elements ...made from 
0.010" thick tantalum, thicker for longer life. 
At 2600°C, tantalum evaporates rapidly in 
vacuum, causing fast deterioration of thinner 
elements. 


Low Voltage Heater Operation (8 volts) ... 
prevents arcing from ionized gas... provides 
better temperature uniformity, thus elimina- 
ting hot spots ... reduces heater deterioration. 


Hinged Vacuum Chamber and Vertical 
Base Plate ... mounted on side of cabinet, 
provides maximum all-side accessibility to 
heating elements, shields, and vacuum feed- 
throughs for easier loading, inspection, and 
maintenance. 


shat etl 2016-4 


160 Charlemont St., Newton 61, Mass. 


EQUIPMENT 
CORPORATION 
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| 
A Subsidiary of National Research Corporation 


Separate motors are attached to each 
wheel of this 150-ton LeTourneau Jungle 
Destroyer with Beryico beryllium cop- 
per bolts. 


On land, under the sea, and in space... 


BERYLCO’ BREAKS DESIGN BARRIERS 


Extraordinary properties and performance characteristics of 
beryllium metal and its alloys have enabled BERYLCO to assist 
designers in practically every industry. Creating new products 
or re-designing: existing products, you'll find, as many others 
have, that checking into the possibilities of BERYLCO metals 
and alloys is a wise move. 


Key parts like bolts for the individually-powered wheels of 
LeTourneau equipment, components in guidance systems for 
missiles like the Atlas, and heavy-duty springs in submarines 
provide higher part performance because of properties found only 
in beryllium alloys. Good conductivity, formability, high fatigue 
life, corrosion resistance, and heat resistance are a few of the 
advantages found in BERYLCO alloys that offer the solution to 
many material problems. 


Write for latest technical information on how BERYLCo beryllium 
alloys can help you break design barriers. BERYLCO specialists have 
over 30 years: been helping to turn design possibilities into 
performance realities. 


assure reliability in guidance system 

® READING, PENNSYLVANIA circuitry of Atlas missiles. an 
Circle 2259 on Page 48-B 


Beryico beryllium cop- 
per springs helped solve 
a design and perform- 
ance problem in modern 
submarines. 
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ted Elements With An X-Ray Projection 
Microse has been reprinted by 
Phillips Electronic Instruments. 


Casting 


2124. Manganese In Aluminum 

Union Carbide Metals Co. has pub- 
lished “Manganese Puts Muscle in Alu- 
minum” in the Winter 1961 issue of U.C. 
Metals Review. 


2125. Cast Stainless Steel 

If you are casting stainless you will 
want the brochure entitled “Heat Treat- 
ment and Properties of Cast Hardenable 
Stainless Steels.” WaiMet Alloys Co. 


2126. Refractories Selection 

Reprint distributed by Harbison-Walker 
Refractories Co. tells how to select re- 
fractories for specific foundry applica- 
tions. 


2127. Zine Die Casting 

6-p. brochure explains facilities for the 
design and production of aluminum and 
zinc die castings. Newton-New Haven Co. 


2128. Vacuum Systems 

NRC Equipment Corp. offers 8-p. con- 
densed catalog on portable and stationary 
vacuum systems and auxiliary equipment. 


2129. Gas Purification 

Catalytic Combustion Corp. announces 
the availability of Bulletin G-61 on its 
all-metal gas purification catalysts and 
reactors. 


2130. Casting Specifications 

The Steel Founder’s Society of America 
has released a revised edition of “Sum- 
mary of Steel Castings Specifications.” 


2131. Castable Refractories 

Babcock & Wilcox Co. Bulletin R-35A 
presents information on “Kaolite” re- 
fractory castables for applications in- 
volving protective furnace atmospheres. 


2132. Steel Castings 

Folder offered by Vanadium-Alloys 
Steel Co. details facilities for producing 
steel castings by the sand, shell or ceramic 
(Shaw) molding processes. 


2133. Pre-Casting Treatments 

4-p. brochure listing all “Foseco” prod- 
ucts for the pre-casting treatment of 
copper and nickel alloys has been re- 
leased by Foundry Services, Inc. 


2134. Ferrovanadium 
Vanadium Corp. of America has issued 
pamphlet on “Vancoram” ferrovandium 
which readily forms stable carbides and 
controls grain growth in steels and cast 
irons. 
2135. Industrial Gas Equipment 
16-p. brochure illustrates applications 


of commercial gases to industrial proc- 
esses. Gas Appliance Service, Inc. 


2136. Refractory Linings 

Folder from the Ramtite Co. explains 
features of “Ramtite” products and their 
use in checker chambers, blast furnace 
ladles, and other refractory applications. 


2137. Induction Melting 

Booklet 6113 sets forth details on a 
“Detroit-Crescenzi Type CSA” 60-cycle 
induction melting furnace for melting 
iron and steel. Detroit Electric Furnace. 
2138. “Hi-Temp” Vacuum Furnaces 


NRC Equipment C will send speci- 
fication sheet on the “Model 2914-A” high- 
temperature vacuum furnace for heat 
treating up to 2600°C. (4700° F.). 


2140. Vacuum Furnace 
Zak Machine Works, Inc. has published 
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descriptive literature on custom vacuum 
furnace (B6UO-2) and crucibles (CR-58). 


2141. Atmosphere Analyzer 

Booklet from Perkin-Elmer Corp. de- 
scribes furnace Ore an analyzer for 
four gases—O,, CO and CH,. 


2145. Batch-Weighing Systems 

Instant control response and accurate 
results are obtained with batch-weighing 
systems from Weighing & Controls, Inc. 
Details contained in Bulletin 30. 


2146. Atmosphere Generators 
Rolock Inc. offers literature on a carbon 

potential controller, an endothermic gas 

generator, and an ammonia dissociator. 


2147. Industrial Blowers 

Brochure 126C contains complete spe- 
cifications on industrial blowers in stand- 
ard capacities of % to 1000 hp., up to 
20,000 cfm. and 4 oz. to 10 Ib. pressure. 
Spencer Turbine Co. 


2148. Vacuum Sintering 

Bulletin 4-25 from Consolidated Vacuum 
Corp. describes “Heraeus” induction sin- 
tering furnaces for sintering in vacuum 
up to 3000°C. (5400° F.) 


2149. Refractory Materials 

The Norton Co. will send information 
on refractory materials including pure 
magnesium oxide and fused stabilized 
zirconia which is used in electric furnaces 
for processing tungsten and molybdenum 
at temperatures up to 2200°C. (4000° F.). 


2150. Electron Beam Evaporator 

Alloyed Electronics Corp. will send in- 
formation on the “E-Beam Mark V” elec- 
tron beam evaporator for producing thin 
metallic and nonmetallic fims by vapor 
deposition. 


2151. Nitrogen Additions 

Leaflet 201 on “Nitrelmang,” a pure 
manganese-nitrogen addition containing 
no carbon. Nitrogen stabilizes austenite 
and controls grain size; it is also used in 
tin ne to increase strength. Foote Min- 
eral Co. 


Parts 


2153. Steel Tubing 

8-p. Cotto | CS-61 describes both seam- 
less and welded steel tubing available 
from Ohio Seamless Tube Div. Sizes up 
to 7% in. OD by 0.375 in. wall. 


2154. Precision Springs 

16-p. manual published by Associated 
Spring Corp. gives engineers and pur- 
chasing agents data needed to specify 
custom-designed and standardized pre- 
cision springs. 


2155. Stainless Tubing 

Superior Tube Co.’s Brochure 21 de- 
scribes types, sizes and analyses of small- 
diameter stainless tubing; also gives tips 
on applications. 


2156. Ground Support Equipment 

Brooks & Perkins will send details on 
lightweight magnesium equipment, such 
as a missile Ad which beats the target 
weight by 300 


2157. Metal-Mesh Belts 

130-p. reference manual from The Cam- 
bridge Wire Cloth Co. lists a complete 
line of special and standard metal and 
alloy belts. 


2158. Precision Tubing 

Bulletin 12 illustrates a wide selection 
of precision seamless or welded and 
drawn tubing in sizes = to 1 in. OD. in 
stainless steel, super- reo nickel or 
exotic alloys. J. Bishop & 


NEW KODAK 


METAL-ETCH 
RESIST 


opens new chemical-milling 
applications 


Speeds up, simplifies deep etch 
weight reduction and parts manu- 
facture. Reproduces fine-line detail 
as in plating, dial and name-plate 
making. This new photographic 
process ends time-consuming hand- 
work, results in high accuracy. 
Kodak Metal-Etch Resist withstands 
acids, alkalies, electrolytic fluids 

. adheres well to aluminum, 
titanium, magnesium, stainless and 
other alloy steels. High stability 
and strict uniformity simplify vol- 
ume production. Send today for a 
detailed 16-page brochure that 
gives all the facts. 
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UT-OF-DOORS! Here's a Drever Furnace 
installation for sintering nickel briquettes at 
the plant of the Freeport Nickel Company, 
Port Nickel, Louisiana. Its outdoor setup 
eliminates the need for costly building 
space—but this is only one of its interesting 
features. 


HIGH LOAD CAPACITY— 

AUTOMATED OPERATION 

Built to handle continuous in-line 8800# per 
hour production of sintered nickel briquettes, 
this Drever Furnace combines the high load- 
ing capacity of a roller hearth with the mate- 
rial handling convenience of a conveyor belt 
furnace. It is a radiant-tube, natural gas 
fired, roller hearth type furnace, gas tight 
for controlled atmosphere operation. 


EVER 


NO TRAY LOADING OR UNLOADING 
Material passes through the furnace on a 
continuous mesh belt which allows greater 
circulation of heat and gas for uniform 
production and eliminates the need for 
trays. Automatic handling equipment loads 
briquettes onto the belt and conveys the 
sintered briquettes from the end of the fur- 
nace for weighing and packaging. 


DREVER ENGINEERING FOR YOU 

This unique out-of-doors installation is an 
example of Drever application of sound engi- 
neering principles, and experience in the 
field of furnace design. Our engineering staff 
is available for consultation concerning your 
requirement—write or phone us. Drever Com- 
pany, Bethayres, Pa. Phone: Wilson 7-3400. 
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INDUSTRIAL FURNACES 


ENGINEERED TO YOUR PARTICULAR REQUIREMENTS 


ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES IN FRANCE. 
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THE 
AMERICAN SOCIETY 
FOR METALS AND : 
METAL PROGRESS SERVES 7 
33,000 MEMBER READERS : 
IN 11 MAJOR AREAS 
OF THE METAL INDUSTRY | 


The ASM is the communications center for technical information 
wherever metals are produced, processed, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering maga- 
zine of the Society, reports on engineering developments in 
these 11 major technological areas: 
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Metal Progress June, 1961 issue 


Catalogs and bulletins, new products and serv- 
ices and most advertisements in Metal Progress 
are numbered. To receive more information, 
circle the appropriate numbers on one of these 
postage paid cards. Editorial reprints will be 
sent free as long as they last. 


Catalogs and Bulletins are available from a 
scrutinized and up-to-date list of manufacturers’ 
literature, conveniently indexed under the 11 major 
Engineering Areas. 


if not an ASM member, please check box for complete 
1961. 
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More Facts on Advertised Products. Because some 
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In METALLOGRAPHS... 
the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
popular makes are precision instruments, are reasonably versatile 
and, to a varying degree, are easy to operate. But, except for 
UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON; offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON . . . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


FREE 10 DAY TRIAL 


UNITRON’s Metallograph and Universal Camera Microscope 
Model BU-11 with binocular eyepiece; objectives: M5X, MIOX, 
M40X, 40X for transmitted light, 100X oil immersion; paired 
visual eyepieces: R5X, KelOX Micrometer, Kel5X; photo eye- 
pieces: 10X, 15X, 20X, Micrometer; etc., as described above. 


Nome 


Monocular Model U-11 


THE TREND IS TO UNITRON 
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IS THE WORD 
FOR THE 


RCA 
ELECTRON 
MICROSCOPE 


The adaptability of the RCA Electron Microscope is one of its 
most valuable features. Through foresighted design, even the 
early models have been adapted with new parts and accessories 
to prolong their useful lifetime. A double condenser lens was 
recently announced as a new accessory and soon a Universal 
Stage for hot and cold specimen analysis will be available. 


As a specific example of the EMU’s adaptability, the basic 
instrument provides for switching from microscopy to selected 
area diffraction. The new electron diffraction chamber—an ac- 
cessory which is easily slipped into position to become an in- 
tegral component of the unit—now makes it possible to perform 
transmission and reflection type diffraction studies. Users rate 
the EMU-3, thus equipped, as one of the best electron diffraction 
cameras available today. 


Such adaptability is one of the many reasons why more of these q 

reliable RCA instruments have been sold than all other electron ig + 
microscopes. Added to this is the availability of a nation-wide : a : +3 
service organization, plus the assistance of the Applications ‘4 
Laboratory in Camden for the benefit of customers everywhere. : Pa is 
A NEW LEASING PLAN now makes it possible to obtain all , 
RCA scientific instruments with no down payment, low monthly - 
terms and a favorable option to buy. Our representative will be ? a ate 
glad to call on you at your convenience. Or write for additional Be ne 

information: RCA, Scientific Instruments, Dept. W-72, ; 
Building 15-1, Camden, N. J. In Canada: RCA VICTOR a 
Company, Limited, Montreal. 


Other Scientific Instruments by RCA 
RCA X-Ray Diffraction and Spectroscopy Equipment: 
Table Model, Crystalloflex 1! *« Console Model, Crystalloflex IV Electronic Circuit Panel ie 


Also a complete line of Cameras, Vacuum Spectrometers, Pole Figure Goniometer, d Ae 4 
Singie Crystal Layer Line and Microfluorescence Attachments, and other Accessories - mS 4 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 
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HERE'S 
HOW STILL 
ANOTHER 
MANUFACTURER 
JOINS 
STAINLESS 
STEEL 


TUBING: 


He uses 
Handy & Harman’s 
BRAZE 630 


He’s one of many manufac- 
turers and fabricators who have 
found—to their lasting satisfac- 
tion—that Handy & Harman 
silver alloy brazing is the final 
answer to stainless steel joining 
problems. 

Super-Donic Manufacturing Company, Atlanta, Georgia, manu- 
factures ‘Dual Arm Transmissions” for the dental industry. Most 
everybody has—at one time or another—seen and/or felt this unit 

- in operation. 

It is fabricated of small diameter 304 and 316 stainless steel 
tubing and, in its assembled form, consists of some 17 separate 
brazed joints. Joints must be strong, corrosion resistant and 


neat-appearing. 


FOR A GOOD START: 
BULLETIN 20. 

This informative booklet gives a 
good picture of silver brazing and 
its benefits... includes details on 
alloys, heating methods, joint de- | 
sign and production techniques. 
Write for your copy. 
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Each of the 17 joints is hand-torch brazed with 
Handy & Harman BRAZE 630 wire and HANDY FLUX 
TYPE B-1. There’s no question that this is a unique 
application. There’s no question, either, that the 
application is stainless steel. The ease and economy 
with which this manufacturer solves his problems 
can be just as readily applied to your stainless steel 
joining problems. 

Strength, production speed, electrical and thermal 
conductivity, gas and liquid tightness and low cost 
are natural benefits of silver alloy brazing. We think 
it worth your while to learn more about this re- 
markable metal-joining method—we’ll be glad to 
send you any information you ask for. Handy & 
Harman, 850 Third Ave., New York 22, N. Y. 


. Your No.1 Source of Supply and Authority on Brazing Alloys Offices and Plants 


Chicago, tii. 
ae Cleveland, Ohio 
Dalles, Texas 
Angeles, Calif 
ngeies, 
HANDY & HARMAN 
Providence, R. |. 
General Offices: 850 Third Ave., New York 22, N. Y. Sen Francisco. Cs Calif. 
DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
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“Our die casting demands the instant, controlled heat of GAS” 


R. D. Bliss, Vice President, Wheaton Die Cast Company, Millville, New Jersey 


Wheaton Die Cast Company produces zinc and aluminum 
castings. In melting the metals, they demand the heating 


speed and precise temperature control 
that only gas can give them. 

With gas heat, in custom-made equip- 
ment, Wheaton has perfect control of the 
825° F. they hold in zinc die casting, and 
1200° F. with aluminum. They also find 
that gas is cleaner and more dependable 
than other fuels for their operation. 

Wheaton has eliminated downtime de- 
lays with the speed and efficiency of gas. 
It’s their choice of fuel for all heat proc- 
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essing—as well as for heating the plant—because of its 
unbeatable economy, uniformity and dependability. 


Thousands of companies find that gas 
is technically right and economically 
sound for all types of heat processing. 
Let gas help you improve processes, cut 
costs. Call the Industrial Sales Engineer 
at your local Gas Company. 

American Gas Association 


FOR HEAT PROCESSING... 
GAS IS GOOD BUSINESS! 
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Mueller Brass Co. of Port Huron is much more diversified 
than the name “Brass” implies . . . a lot more. In fact, 
because of its many and varied facilities . . . its men, 
methods and metals... Mueller is in the unique position of 
being able to offer true single source service. 


MUELLER HAS THE MEN .. . experienced engineers with 
the ability to work out, creatively, tough design problems, 
and improve a part or components for production by the 
most economical method. You get sound engineering plus 
44 years of practical metalworking production experience 
when you ‘‘Let Mueller Make It’’. 


MUELLER HAS THE METHODS... when you ‘‘Let Mueller 
Make It’, you are utilizing one single source that is able to 
produce parts any one of these ways: as forgings, impact 
extrusions, sintered metal parts, screw machine products, 
formed tube or as castings. 


MUELLER HAS THE METALS... . and the materials... to 
produce precision parts in aluminum, brass, bronze, 
copper, iron and steel in hundreds of different alloys to 
meet each exact requirement. 


In addition, Mueller Brass Co. has complete and modern 
facilities for performing all types of finishing and sub- 
assembly operations. Another plus value is nation-wide 
sales engineering service. 


4 


So, in the final analysis, no matter where you fit in the 
American industrial picture, whether you’re making mis- 
siles or mowers ... and no matter where you’re located, 
it will pay you to LET MUELLER MAKE IT! 


> A 
abe MUELLER BRASS CO. port HURON 28, MICHIGAN 
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YOU CAN ADD THIS ENGINEERING TEAM 
TO YOUR STAFF WHEN YOU 


LET MUELLER MAKE I(T! 


When you work with the Mueller organization, a qualified team of trained, experienced and imaginative 
engineers automatically become part of your staff and go to work for you. This engineering team, which 
includes specialists in all categories of design work and production procedures, carefully considers all 
aspects of your particular part or assembly and its function. In conjunction with members of your engi- 
neering department, Mueiler engineers can help design or re-design your part for improved perform- 
ance, eliminate, where possible, unnecessary parts through re-design by making two or three part 
assemblies as a single piece, and recommend the best method of production. Mueller people also 
consider ways of speeding your finishing and assembly operations. Production economies consistent 
with product quality are always a prime consideration. 

This TOTAL CONCEPT engineering service, which costs no more, is available to you when you... 
LET MUELLER MAKE IT! 


> 
a MUELLER BRASS CO. port HURON 28, MICHIGAN 
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A self-contained variable d.c. power supply 


« for electrolytic etching of prepared metallo- 
= graphic specimens. 4 
This neat compact unit is always ready 
| to operate eliminating time consuming — 
hook ups and delays due to 
hattery failure. 
= controls are advantage- 
ously located for fingertip 
 atijustment. Twin 


type voltmeter and 
ammeter are posi- 
tioned for ready and 
easy observation. 


Properly identified 
leads for the cathode 
and the anode with 
forceps for contacting — 
or holding the specimen 
are supplied. A 
replaceable beaker and fitted. = 


cathode clip to support either 
vertical or horizontal stainless 


Stee! cathode are furnished. METALLURGICAL APPARATUS 
2120 GREENWOOD STREET 
EVANSTON, ILL., U.S.A. 
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NORTON REFRACTORY CEMENT 


The quality of any high purity metal 
can only be as good as the quality of the 
refractory cement used to contain it. 
That’s why Norton is producing cement 
that is uniformly quality controlled — in 
each separate phase of its processing — 
both physically and chemically. 

Norton Refractory linings give more 
heats and closely predictable perform- 
ance from lot to lot. The optimum density 
of Norton Cements gives them the me- 
chanical strength to withstand the high- 
est operating temperatures without spall- 
ing, slumping or otherwise failing — and 
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to resist stresses imposed during charg- 
ing, pouring and cleaning. 

Norton engineers are prepared to formu- 
late refractory cement to satisfy your 
individual metallurgical requirements. 
You'll get greater economy with Norton 
Cements because they retain their effect- 
iveness longer and eliminate much of the 
patching required by grades of lower 
quality. Take advantage of this new idea 
in quality-controlled, custom-formulated 
cements that can help produce a better 
end product for you. For details on 
ALUNDUM* aluminum oxide, MAGNORITE* 
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magnesium oxide, spinels and CRYSTOLON* 
silicon carbide cements, write today to 
Norton ComPANY, Refractories Division, 
325 New Bond Street, Worcester 6, Mass. 
*Trade Marks Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Crystallizing ideas 
into p 


Quality Control at Every StepInsures 
7 er | mance 
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NEW SLANTS ON HEAT PROCESSING FROM SELAS 


ere’s how industry cuts costs... 
Selas Heat Processing 


HEATING FOR HOT WORK- 
ING: End-heating prior to hot 
heading, this Selas automated 
machine heats 5 inches at one 
end of steel bars, %4-inch diameter 
by 108 inches long, to 2200° F. 
quickly, uniformly, and with a 
sharp heat line. This equipment 
has enabled its user to double his 
production rate to 2640 pieces 
/hour without additional labor. 


POST HEATING: Die-cast aluminum rotors for electric 
motors are post-heated in this continuous, automated 
Selas machine, to improve electrical characteristics. 
Occupying floor area only 7 feet square, this machine 
provides also a fast, convenient method for shrink-fitting 
rotors to shafts, and replaces both manual heating and a 
press-fitting operation. 
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improves product quality with 


Equipment 


BRAZING AND SOLDERING: An automotive product 
operation requires the aluminum soldering of aluminum 
return bends to aluminum flared tube ends of finned con- 
denser coil assemblies. This Selas automated continuous 
straight-line unit uniformly solders 180 assemblies/hour 
in six different intermixed sizes. 


These installations are typical of how Selas automated 
heat processing equipment 


@ Cuts operating costs 

@ Increases production rates 

@ Minimizes in-process inventory 
@ Reduces labor requirements 

@ Saves valuable floor space 


@ Improves product quality 


Specifically designed and custom-built to meet your 
individual production requirements and job specifica- 
tions, Selas automated heat processing equipment em- 
ploys time-proven standardized engineering features for 
longtime operating dependability and minimum initial 
investment. A Selas field engineer would welcome the 
opportunity to survey your requirements . . . at your 
convenience. No obligation, of course. For this free 
personal service, or for literature on any of the heating 
operations shown here, write to Mr. W. B. Troupe, 
General Industry Division. 
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SELECTIVE HARDENING: Baking pan grouping strips 
of SAE $1025 formed steel are selectively hardened on this 
continuous, compact Selas machine. Complete with 
integral water-spray quench, it occupies an area approxi- 
mately 6 x 7 feet and processes 1200 pieces/hour. 


SELAS CORPORATION OF AMERICA 
36 Dreshertown Road, Dresher, Pa. 


EUROPEAN SUBSIDIARY: Selas Corporation of America, Euro- 
pean Div., S.A., Pregny, Geneva, Switzerland. INTERNATIONAL 
AFFILIATES: FRANCE— Societe Exploitation de Produits Indus- 
triels, Paris; JAPAN—International Machine Co., Lid.. Tokyo. 
BENELUX. PORTUGAL, SPAIN—Union Chimique, Brussels. 


HEAT AND FLUID PROCESSING ENGINEERS 
DEVELOPMENT 
DESIGN 
CONSTRUCTION 


| 
59 


Operation: 
Blast Cleaning 


(one of a series) 


THIS CASTING TOOK THIS ONE ONLY 4 MINUTES 


15 MINUTES TO CLEAN... WITH ROTOBLAST 


No two ways about it: Rotoblast equipment cuts clean- 
ing costs, sometimes by as much as 70%. Hundreds 
of manufacturers have improved their profit picture — 
as well as their quality of cleaning — with Rotoblast 
because it reduces manpower—up to 75% .. . works 
faster, up to 50% faster for straight through processing 
..-requires much less maintenance. ..reduces down-time. 


Whether it is a small Rotoblast barrel or a giant table- 
room, you'll find that the day you start using Rotoblast 
is the day your cleaning costs start to come down. And 
you'll get additional cleaning economies with the use of 
solid, tough, Rotoblast Steel Shot and Grit. To get the 
full story, write: 


PaNcBorn Corporation, 1800 Pangborn Blvd., Hagerstown, 
Md.; Pangborn Canada Ltd., 47 Shaft Rd. Toronto (Rexdale), 
Canada;— Manufacturers of Blast Cleaning, Vibratory Finishing, 
Dust Control Equipment—Rotoblast® Steel Shot and Grit®. 


OF HAGERSTOWN 
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HOW TO ELIMINATE GUESSWORK, 
MINIMIZE COSTS AND LOOK AHEAD 
in mechanizing salt bath heat treating processes 


Dozens of “in line” Ajax mechanized heat 
treating installations having salt bath fui- 
naces as their main elements have proved this 
point: Best heat treating results; greatest 


production savings; and lowest equipment 
costs® are obtained by giving Ajax Electric 
undivided responsibility for designing and 
supplying the complete assembly ... 4.4 


@ This gives full play to unsurpassed Ajax experience in adapting salt bath heat 
treating to any job where it is applicable... 


@ It brings you full benefit of the clearly demonstrated Ajax ability to mechanize 
salt bath processing for maximum overall efficiency . . . 


@ it means you get the most advanced salt bath equipment and use the most 


modern processing methods ... 


@ And it assures you of invaldable fringe benefits such as the Ajax policy of 
studying each proposed installation to make sure it includes provisions for 
possible changes in heat treating requirements or materials being processed. 


jax “jack rabbit” 
instal Neat treating mil- 
lions o unds of farm equip- 
ment parts yearly is still going 
strong. Recently, this manufac- 
turer added a new Ajax index- 
ing elevator installation. This 
has 12% greater capacity — 
yet cost only 11% more than 
the old unit did 12 years ago! 


AJAX ELECTRIC COMPANY 
910 Frankford Avenue Philadelphia 23, Pa. 


SALT BATH FURNACES 


ternalig Reated electiit and gas-fired types 
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HOW ZIPPO DEGREASES 100,000 PARTS 


BEFORE CLEANOUT 


Zippo Manufacturing Company, 
Bradford, Pa., is meticulous about 
degreasing parts and cases used in 
their lighters. The company does as 
careful a cleaning job as watchmak- 
ers or manufacturers of aircraft in- 
struments. 

With all their attention to detail, 
they still manage to degrease 100,- 
000 parts before cleanout with 
Nialk® TrRICHLORETHYLENE. The 
special stabilizer contains psp—per- 
manent staying power. This permits 
them to process a large volume of 
parts without endangering their 
quality. Psp maintains the stabilizer 
at maximum efficiency between 
cleanouts. 

The stabilizer also prevents 
gummy substances from forming, 
substances which might coat the 
heating elements in the degreaser 
units and reduce efficiency of the op- 


eration. The vapor and bath stay 
clean. Parts never become tarnished. 


When baths are cleaned out, Zip- 
po gets full recovery of the solvent, 
and it is fully stabilized so they 
never have the cost and trouble of 
adding fresh stabilizer to maintain 
bath strength. 

Zippo likes the several different 


degreasing jobs that Nialk TrRicHLOR 
does. As many as five different met- 
als might be degreased in a day— 
brass, stainless steel, die-cast zinc, 
copper and gold. 

Even considering all the use Zip- 
po gets from each bath, they have 
never had to sacrifice quality. There 
has never been a need to titrate or 
run any other type of test. 

Nialk TRIcHLor can bring you the 
same benefits and cost savings. 
Hooker technical experts can help 
you to set up your degreasing oper- 
ations, then check regularly to make 
sure your operation remains trouble- 
free. Zippo obtains Nialk TrRICHLOR 
through Ken C. Merrill Co. 

See your Hooker Chemical dis- 
tributor. He will be glad to help you 
with your problems and questions. 
Or write us direct. Our years of ex- 
perience are yours for the asking. 


HOOKER CHEMICAL CORPORATION 


406 UNION STREET, NIAGARA FALLS, NEW YORK 


CHEMICALS 
PLASTICS 


Sales offices: Buffalo, Chicago, Detroit, Los Angeles, New York, Niagara Falls, Philadelphia, Tacoma, Worcester, Mass. Im Canada: Hooker Chemicals Limited, North Vancouver, B.C. 
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Centrifegetlytast 
machited 


when other metals can’t! 


If your operation is so punishing on metal parts that 
you’re plagued with constant, expensive replacement — 
better look into Ampco’s bronzes! 

Ampco alloys work where other metals wilt. The pe- 
culiar — but desirable — characteristics of these copper- 
base alloys make them ideal for applications that 
destroy most metals. Corrosion. Erosion. Physical at- 
tack, like abrasion . . . or metal-to-metal wear. All of 
these abusive forces are countered by Ampco! 


Ampco’s two basic products are AMPCO® metal, a 


Centrilugatly cast 


Sand-cast 


premium quality bronze that costs a little more, but 
delivers a lot more . . . and AMPCOLOY’, a series of 
better-than-usual commercial grade bronzes. All are 
available in sand-cast, centrifugal-cast, shell-molded, ex- 
truded, rolled, wrought, forged, fabricated, and finished- 
machined forms from Ampco’s unmatched metal- 
producing facilities. 


Get the whole story on these miracle-metals. Write for 


““AMPCO"’~— a full color, illustrated . 
booklet — yours for the asking. =A 


AMPCO METAL, INC., mMitwauKEE 1, WISCONSIN / HUNTINGTON PARK, CALIFORNIA / GARLAND, TEXAS 
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5 WAYS TO... 


stretch aluminum-buying dollars 


WIDEST SELECTION—At Ryerson you choose from the na- 


tion’s largest stocks—available to meet your every need, large or 


small. 


FIRST WITH THE NEWEST-—Ryerson is consistently first 
with the newest developments. For example, new low-cost build- 
ing sheet that is helping customers save on many fabricated parts. 


BE “‘METALOGICAL”’—Ail the plus values of Ryerson service 
on Reynolds aluminum add up to the Ryerson science of giving 
“optimum value for every purchasing dollar.” So be ‘Metalogical” 
—call Ryerson. 


RYERSON 


JOSEPH T. RYERSON 6 SON, INC., MEMBER OF THE g, STEEL FAMILY 


HELP IN SELECTION—Your Ryerson representative is Meta- 
logics-trained to help you choose the best aluminum alloy for each 
application. .. and to assist you with fabrication problems. 


DEPENDABLE DELIVERY—Finest care in handling and 


packaging. Production-line-timed shipments assure fastest serv- 
ice. Any quantity—when you need it. 


ALUMINUM IN STOCK 


SHEETS All thicknesses, alloys and tempers—cut to any size © 
COILS Thicknesses from .008 to .125—slit to any width... 
cut to any length © PLATES Thicknesses from .250 to 4”; also 
tooling plate © ROD Rounds, 1%" to 8” dia., cut or stock sizes; 
hexagons, 3/16” to 3” dia. © BAR Squares, \% to 4” dia.; rec- 
tangles, %" x %" to 3"x 6" © STRUCTURAL SHAPES An- 
gles, channels, tees and I|-beams EXTRUDED ARCHITEC- 
TURAL SHAPES Angles, channels, tees, I-beams, 
thresholds, sills, handrails, gravel stop, and coping * TUBING 
AND HOLOBAR Round, 3/16” to 6” diameter; also square 
and rectangular tubing © PIPE 1%” to 6” di ter, to 20’ length 
* ROOFING AND SIDING Corrugated, insulated wall, 
V-beam, ribbed siding, roof deck—plain or embossed; acces- 
sories, too. 


METALOGICS ) 


STEEL - ALUMINUM - PLASTICS - METALWORKING MACHINERY 
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Tool Steels 


in 
Today’s Industry 


Meet 


THE MAGAZINE OF MATERI 


Vol. 79, No. 6 


AND PROCESS 


PAYSON* 


The high standard met by the many grades of high speed steels 

is the product of over 60 years of research, development 

and practical experience. Since the introduction of 18-4-1 

at the turn of the century, engineers have improved alloys and lowered costs, 
until today’s users have a wide variety of excellent 

high speed steels to choose from. (A-general; TS-m) 


Hicu srrep STEEL, the most important of 
the tool steels, can be heat treated to a very high 
hardness. Because it retains a great deal of 
this hardness (even when the cutting edge of 
a tool becomes red hot from friction between 
the tool and the part being cut), tools made 
from it will continue to cut at speeds which 
would cause other types of tool steels to fail 
very rapidly. These tools do this because they 
have “red hardness”, a property which may be 
defined as the ability of the heat treated steel 
to resist softening when it is exposed to tem- 
peratures of about 950° F. and higher. Though 
red hardness is no longer the mystery that it 
- *Assistant Director of Research, Crucible Steel 
Co. of America, Pittsburgh. Next month, Part II 
will discuss the metallurgy of high speed tool 
steels. This article is based on the 1960 Camegie 
Lecture presented by Mr. Payson before the Pitts- 
burgh Chapter @. 
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was years ago, the structural causes for its oc- 
currence have been ascertained only recently. 
In fact, today’s wide knowledge concerning the 
metallurgy of high speed steels has been the 
product of years of dedicated research and hard 
labor as the following short history will show. 


An Interesting History 


The original high speed steel was never in- 
vented — it just grew from air-hardening alloy 
steels that were available at the end of the 19th 
century. In 1898, two engineers at the Bethle- 
hem Iron Co., F. W. Taylor and Maunsel White, 
discovered that a high-temperature heat treat- 
ment applied to steels with a rather wide range 
of compositions gave them an unusual ability. 
Tools made from these steels could cut at much 
higher speeds than were possible when they 
were heat treated at the lower temperatures 
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Table I — Important High Speed Steels 


ciency of the 18-4-1 steel by varying 


the tungsten and vanadium levels. 


T T T 
Grave | C | V | W | | Since they found that tool steels with 
- - higher vanadium were superior for 
M2 0.80 | 4.0 | 2.0 | 6.0 | 5.0 | $1.345 | 5120 8300 materials which were especially diffi- 
M | 0.80 | 4.0 1.0 1.5 8.0 1.200 2720* 5230* cult to machine, they concluded that 
M 10 | 0.85 | 4.0 | 2.0}; — | 8.0 1.200 | 1250 2510 dditi f di Seueid shout 
TI 0.70 | 4.0 | 1.0 | 18.0 | 1.840 | 1240+ | 1640+ ee a 
_ 1% contributed to the steel’s abrasion 


*Tonnage includes M7. 
Tonnage includes T 2, T 3, T 7, T9. 


conventionally used at that time. 

Highly intrigued by this finding, Taylor and 
White planned a demonstration. Much to their 
chagrin, however, it turned out that these spe- 
cially treated tools were inferior to those 
processed conventionally. 

Suspecting that their special tools had been 
quenched from too low an austenitizing temper- 
ature, they arranged for a set to be heated at 
various temperatures from below the usual 
temperature right up to a white heat. Then, 
they ran cutting tests to determine the optimum 
temperature for hardening. To their amaze- 
ment they found that the higher the heating 
temperature, the better the cutting efficiency 
of the tools. Though they did not understand 
the reason, they did recognize that the red hard- 
ness of the steel increased with increase in 
hardening temperature. 

The steel on which Taylor and White estab- 
lished the value of treatment at high tempera- 
ture contained 1.85% C, 3.8% Cr and 8.0% W. 
But other early workers with high speed steel 
also found that good results were obtained with 
other compositions, some of which contained 
molybdenum in addition to, or as a replacement 
for, tungsten. Some of these steels also con- 
tained much lower carbon. 

At first, progress was slow. In 1904, J. A. 
Mathews of Crucible Steel was granted a patent 
covering the addition of vanadium to steel; this 
led to the development of 18-4-1 (18% W, 4% Cr, 
and 1% V), which became the standard of qual- 
ity for many years. The Germans added cobalt 
to high speed steel in 1912, and it has since been 
used (in amounts from 5 to 12%) for special- 
purpose cutting tools right up to the present 
time. Though its use has been the cause for 
controversy, we now recognize that cobalt, 
when used in amounts of 5% or more, increases 
the red hardness of these steels slightly. 

In the first quarter of the century, engineers 
continually tried to improve the cutting effi- 
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resistance. However, as vanadium 
was increased, it was necessary to in- 
crease carbon content as well. Other- 
wise, vanadium, being an effective 
former of ferrite, would cause delta ferrite to 
appear in the structure at the high heating tem- 
peratures. (Today, the high-carbon, high- 
vanadium steels are useful for difficult-to-ma- 
chine materials, but they are costly because they 
are troublesome to fabricate at the steel mill. 
Furthermore, grinding the tools to the desired 
shape is an extremely laborious operation.) 


Molybdenum Becomes Important 


Although molybdenum had been used in the 
Mushet air-hardening steel (and in some of 
the high speed steels in use in the early 1900's, 
as well), it was not used in the high speed 
steels of the 1920's. Its high cost was the prin- 
cipal deterrent, molybdenum being more ex- 
pensive than tungsten. By 1930, however, the 
cost of molybdenum was about the same as that 
of tungsten, and the discovery of huge deposits 
of molybdenum ore in Colorado led to the ex- 
pectation that the element would become much 
less expensive. Furthermore, some of our mili- 
tary leaders had become interested in the sub- 
stitution of molybdenum for tungsten in high 
speed steels because there had been a tungsten 
shortage during World War I. 

At any rate, there was a great deal of activity 
in the 1930's on the development of high speed 
steels containing molybdenum as one of the 
principal alloying elements. For example, J. V. 
Emmons (Cleveland Twist Drill Co.) devised 
Mo-Max, a steel containing about 9% Mo and 
1.5% W; Howard Kingsbury (Crucible Steel 
Co.) and James P. Gill (Vanadium Alloy Steel 
Co.) separately and independently invented the 
8% Mo, 2% V steel; and Walter Breeler (Alle- 
gheny Ludlum Steel Corp.) created the 6% W, 
5% Mo, 2% V steel. 

These molybdenum steels were adopted by 
industry rather grudgingly. Since they were 
more susceptible to decarburization, they re- 
quired better temperature control in heat treat- 
ment. (Eventually, of course, better heat treat- 
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ment facilities became available.) However, 
the all-controlling economic fact that the molyb- 
denum steels were less expensive than the tung- 
sten steels eventually caused the users of high 
speed steel to shift from the tungsten to the 
molybdenum steels. 

Now, the old standby, 18-4-1, is produced in 
smaller quantities than any of the three most 
prominent molybdenum tool steels. This is 
shown in Table I which lists the four most im- 
portant grades of high speed steels along with 
the tonnage produced in 1958 and 1959 and the 
price of each. You may note from this tabula- 
tion that the 1959 shipments of the four grades 
add up to about 17,600 tons which sold for 
about $51,000,000. This constituted about 87% 
of the production of high speed steel in this 
country, the balance being made up of special- 
purpose high speed steels all of which sell for 
higher prices than that of M 2. 


Many Grades Now Available 


In addition to the tool steels given in Table 
I, the American Iron and Steel Institute lists 
ten more molybdenum steels and nine more 
tungsten steels, all of which are mainly modifi- 
cations of M 2,M 1, and T1. Among the modi- 


Planing With a Tool Bit of M-2 High Speed Steel 


Shell Broach Made of a Mo- 
lybdenum High Speed Steel 


fications of M 2, for example, M 3 and M 4 have 
increasing vanadium (2.70 and 4.00%) with in- 
creasing carbon (1.00 and 1.30%), M 15 has very 
high vanadium (5.0%) along with 1.5% C and 
5% Co, and M35, 36 and 6 approximate 
M 2 with 5, 8 and 12% Co, respectively. As for 
variations of the M1 grade, M7 has more 
vanadium with an increase in carbon, and M 30, 
33 and 34 are cobalt steels, M 34 having an 
increase in vanadium as well as a cobalt addi- 
tion. Variations of the oldest of the high speed 
steels, T 1, follow the same pattern. Four of 
them contain more vanadium with accompany- 
ing increases of carbon; five contain cobalt with 
some other modifications; and the last, T 15, 
has high carbon (1.5%) with very high vanadium 
(5.0%), along with 5% Co. 


Tool Steels Are a Small Tonnage Item 


The total tonnage of high speed steel is negli- 
gible compared to that of the over-all produc- 
tion of steel, and, although the value is fairly 
high, it constitutes a small fraction of the gross 
national product. Yet, there are more than ten 
producers of tool steels in this country, and all 
are eager for orders. 

From the viewpoint of these steelmakers, 
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Squares 
and 
Rectangles 


By A. D. McMASTER, 
F. K. BLECHINGER 


and F. W. KUNTZ* 


Though the cover on this month’s issue may look like a map of 
downtown Chicago, it is actually a 500 x photomicrograph of a 
zirconium alloy which contains 10% Cb. Submitted to the 15th 
Annual A.S.M. Metallographic Exhibit, this prize winner was made 
during a study to determine the quench-aging kinetics of zirconium- 
columbium alloys. First, a 100-g. button of the alloy was melted 
by vacuum arc in a water-cooled copper hearth. After jacketing 
this button in a can of mild steel (which was then evacuated ), it 
was hot rolled at 850° C. (1560° F.) to 4%-in. sheet. Specimens, ¥%4 
in. square, were then machined from the sheet and encapsulated in 
evacuated Vycor tubes, heated in the beta range at 900°C. 
(1650° F.) for 2 hr., and finally quenched by breaking the tubes 
in iced brine. 

To prepare a sample for the metallograph, one of these squares 
was mounted in a clear epoxy resin, and ground through 240, 400 
and 600-grit silicon carbide papers. It was then coarse polished by 
hand on drill cloth with “Linde C” powder, aqueous solutions of 
10% oxalic acid and 1% hydrofluoric acid being used on the wheel 
to aid in removing flowed metal. Finally, a finished surface was 
produced by polishing the specimen on a gamel cloth with “Linde 
B” powder, again using the oxalic and hydrofluoric solution to reduce 
surface flow. To etch the specimen, it was swabbed with a solution 
of 45 parts water, 45 parts nitric acid and 10 parts hydrofluoric acid. 
The resulting structure was recorded on “Contrast Process Ortho” 
film with a Bausch & Lomb research metallograph. 

This material, according to x-ray diffraction studies, contained 
retained beta zirconium and a metastable hexagonal phase called 
omega. The Widmanstatten platelets which outline the squares 
and rectangles have not, as yet, been identified; further study is 
required to determine their origin and structure. i) 

*Metallographer, Metallurgical Technician and Physical Metallurgist, 
respectively, Knolls Atomic Power Laboratory, General Electric Co., 
Schenectady, N.Y. 


Fig. 1—The Segregated Carbide Distribution 
in the M 2 Tool Steel Shown Here Was Accept- 
able Back in 1945. Compare with Fig. 2 which 
illustrates the microstructures which can be 


produced today. Nital etch; 100 x (dark field) 


however, there are far too many of these steels, 
(although it must be admitted that not all the 
producers and distributors handle all of the 
numerous grades). For many of them, this 
means maintenance of stocks of relatively slow 
moving grades. Ideally, the producer would 
like to make a high production grade for drills, 
a general purpose steel for 80 to 90% of tools 
other than drills, and a special-purpose steel 
for very difficult-to-machine materials. 

On the other hand, the consumer is not satis- 
fied with the steels he can now obtain. Among 
other things, he would like to have steels with 
lower prices which would cut at least as well 
as the steels presently available. He would also 
prefer special-purpose steels that would cut 
difficult-to-machine materials at much faster 
speeds. So, despite the long list of available 
grades, the producer is always motivated to 
develop new high speed steels. 
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Some Outstanding Accomplishments 


However, we can look at the A.I.S.I. list and 
take credit for some outstanding accomplish- 
ments during the last 50 years. Since T 1 (or 
18-4-1, which is virtually the same) was avail- 
able in 1910, and is still being used, let us use 
it as our measuring rod. 

We have produced steels M 2, M 1, and M 10 
which cost the consumer appreciably less than 
T 1, while doing at least an equal job of general- 
purpose cutting. Also, we now produce steels 
which outperform T 1 by wide margins in cut- 
ting difficult-to-machine materials. (On the 
other hand, it is somewhat to our discredit that 
we do not have one best special-purpose steel. 
We have a half-dozen or more, and these are 
considerably more expensive than T 1.) 

Credit is also due for the considerable im- 
provement in the quality of the high speed steel 
now being produced in comparison with that 
of some 10 to 15 years ago. To explain further, 
high speed steel is a high-alloy hypereutectic 
steel with a rather large spread between the 
liquidus and solidus temperatures. Thus, 
when a large ingot freezes, there is ample 
opportunity for differential solidification, the 
first solid to form being lower in carbon than 
the final portion which solidifies. As a conse- 
quence, carbide distribution varies across the 
ingot. Since the steel is hypereutectic (that 
is, it consists of austenite and carbides which 
remain undissolved right up to the solidus 
temperature), the carbides are merely pushed 
around during forging. Therefore, the varie- 
gated carbide pattern that existed in the ingot 
is retained in the microstructure of finished 
bars, as Fig. 1 illustrates. 

For many years, these carbide patterns have 
bothered users of high speed steel, and as a 
result, some of them have set up standards of 
acceptance which have caused the steel manu- 
facturers to make efforts to minimize ingot 
heterogeneity. Whether or not it can be proved 
that steel with such a structure actually makes 
bad tools is doubtful. Indeed it is quite likely 
that many good tools of 20 to 30 years ago had 
carbide structures that looked much worse than 
those in Fig. 1. In fact, such structures would 
have been accepted even by finicky consumers 
about 15 years ago. Admittedly, however, the 
structures are not uniform, and customers con- 
tinue to demand more and more uniform car- 
bide distribution in high speed steel bars. As 
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Fig. 2—Carbide Distribution in 
M 2S (M 2 With Sulfur) Made in 
1960. Compare with Fig. 1. The 
sample was hardened and double- 
tempered as was that shown in Fig. 
1. Nital etch; 100 (dark field) 


an example of today’s standards, the structure 
shown in Fig. 2 illustrates an example of the 
steel currently being produced. 

The manufacturer of modern high speed steel 
can also be proud of the production of sulfur- 
ized steel (about 0.10 to 0.15% S is added) 
which is easier to machine than low-sulfur steel, 
and which has practically the same cutting 
efficiency after heat treatment. However, not 
all consumers accept the high-sulfur steel, and 
therefore many steel manufacturers carry two 
stocks of the important molybdenum high speed 
steels, one low in sulfur and one high in sulfur. 
Because of this, some tool steel company execu- 
tives consider the introduction of high-sulfur 
high speed steel a demerit for the industry 
rather than a credit. The ideal of course, would 
be to produce a steel either by change in com- 
position, or heat treatment, which would have 
the machinability advantages of the high- 
sulfur steel and be acceptable to all consumers. 

Next month, we will discuss the metallurgy 
of high speed steel as it has been ascertained 
to date. It will be seen that, though much is 
known, many questions remain to be answered. 
Thus, as in most engineering fields, intensive 
research continues and will continue to reveal 
new facts to help both the producer and the 
user of high speed steels to obtain a better 
product. 
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Tool Steels 


in 
Today’s Industry 


Better Atr-Hardening Tool Steels 


By NEIL J. CULP* 


Tool steels which can be fully hardened by cooling in air 
from austenitizing temperatures in the 1500 to 1600° F. range 
are often the answer to problems involving warpage, distortion 
and uniformity in hardening. (A-general; TS) 


Every TOOL STEEL IMPOSES LIMITATIONS 
on the design and shape of tools which can be 
made from it. Consequently, designers of tools 
are always on the lookout for improved steels 
which will allow them more latitude in the 
design and size of tools. This trend in tool- 


* Manager of the Laboratories, Carpenter Steel 
Co., Reading, Pa. 
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making — toward greater accuracy in harden- 
ing with greater freedom from cracking during 
hardening in intricate sections — accounts for 
the gain in popularity and use of air-hardening 
steels. 

Today, there are two classes of air-hardening 
tool steels in use: those which require a rela- 
tively high hardening temperature (1750 to 
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Fig. 1 — Effect of Carbon on Hardness at Centers 
of A.I.S.1. A6 Specimens, 4 In. in Diameter by 
4 In. Long. As austenitizing temperature rises, 
higher percentages of carbon become more effective 


1900° F.), and those which can be hardened 
from below 1600°F. The latter are of most 
interest. Of more recent development, they 
contain carbon, manganese, chromium and 
molybdenum in various combinations, three of 
which are listed under A.LS.I. A 4, A 5, and A6 
(see Data Sheet, p. 96-B). 


Characteristics of Air-Hardening Tool Steels 


A number of years ago it was found that 
A.LS.I. A6, which contains 0.60 to 0.80% C 
together with about 2% Mn, 1% Cr and 1% Mo, 
is exceptionally deep hardening when cooled 
in air from an austenitizing range of 1500 to 
1550° F. Figure 1, which illustrates the effect 
of carbon on the air hardening of steels con- 
taining about 2% Mn, 1% Cr and 1.25% Mo, 
clearly delineates the effect of varying amounts 
of carbon. 

The low alloy content of A6 leads to good 
impact resistance and ease in forging large and 
intricate sections. In fact, the steel is much 
easier to roll or forge than the others in the 
“A” group of tool steels. Therefore, since 
substantially the same hardness is developed in 
all of these grades on air cooling, it may often 
be advisable to use this steel rather than the 
grades which contain more carbon. 

As an example of an application for A6, it 
has been used for a compound blanking die in 
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Hardness, Rockwell 


Fig. 2— Effect of Carbon Variations on Center 
Hardnesses of Steel Specimens (2% Mn, 1% Cr, 1% 
Mo and 4% W), 4 In. in Diameter by 4 In. Long 
The large amounts of excess tungsten carbides 
act to decrease hardenability because they remain 
undissolved at the austenitizing temperatures 


which the blanking portion had small intricate 
sections (about % in. thickness from which the 
cutting sections of 1/16 in. projected at right 
angles to the base). Yet, there was no warpage 
when the die was made of air-hardening steel. 
The absence of distortion and size change con- 
tributed to the successful performance of this 
die, and the uniformity of hardness in thin and 
thick sections was also an aid in heat treatment. 
As another advantage, the scale which formed 
at the low hardening temperature, being pow- 
dery, was easily removed by stoning. 


Two New Steels 


At Carpenter, research on new tool steels 
has been aimed at devising grades which would 
harden in air from austenitizing temperatures 
below 1600° F., and which would have a rela- 
tively low alloy content to minimize cost and 
maintain good machinability. In line with 
these objectives, two new steels have been 
developed very recently. One is designed for 
high wear resistance; the other has good tough- 
ness. The wear-resisting alloy, which contains 
1.5% C, 2.5% Mn, 1% Cr, 1% Mo and 4% W, 
is known as Hi Wear 64. This steel can be air- 
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Fig. 3— Punch Holder Used for Compacting Pow- 
dered Iron Oxide, an Extremely Abrasive Mate- 
rial. When made of Hi Wear 64, these punches 
outlasted similar punches made of A.1S.I. D2 


hardened from an austenitizing range between 
1500 and 1600° F., and tempered (in the range 
300 to 400° F.) to Rockwell C-63 to 65. In the 
development of this steel, hardenability was a 
problem in that the large amounts of excess 
tungsten carbides acted to decrease harden- 
ability to a marked degree. This effect is 
demonstrated in Fig. 2. Conversely, of course, 
the beneficial effects of carbon on wear re- 
sistance were also very marked. 

In field tests on punches and dies (see Fig. 3), 
this steel has competed very successfully with 
A.LS.I. D2. The obvious advantages resulting 
from the lower hardening treatment — lower 
hardening stresses and less susceptibility to 
decarburization — should make the steel useful 
for such applications as cold extrusion dies, 
shear blades, brick mold liners, and various 
metal punches. Surprisingly, this stee] machines 
about as well as D2 even though annealed 
hardnesses may run 20 to 30 Brinell numbers 


higher. Grinding, however, is something of a 
problem; it is slightly more difficult than with 
the 3.5% W types, A.LS.I. F 2 and F 3. 


A Tougher Tool Steel 


The steel for high-toughness application con- 
tains 70% C, 50% Mn, 1% Cr, 1% Mo and 3% Cu. 
Known as Hi Shock 60, this steel is readily air 
hardened from the 1500 to 1600° F. range. Tem- 
pering from 300 to 400° F. will produce hard- 
nesses of Rockwell C-58 to 60. 

The development of this tool steel resulted 
from the discovery that copper can be substi- 
tuted for manganese up to a maximum of about 
4%. When this is done, toughness is improved 
while the desired degree of hardenability is 
maintained. This material has been highly 
successful in coining dies for parts in which no 
flash can be tolerated, embossing dies, and 
certain shear blades for thick steel plate. 

In conclusion, the foregoing examples were 
chosen to illustrate some of the more desirable 
features of air-hardening steels. Their use 
should be considered when problems involving 
warpage, distortion, size change and uniformity 
of hardening in large sections become of prime 
importance in making a successful tool. ) 
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Tool Steels 
in 
Today’s Industry 


Overcoming Distortion 


Internal stresses developed during quenching can crack or warp tool steels. 


and Cracking 


in Heat Treating 


Tool Steels 


By RICHARD HARVEY* 


These effects may be overcome or minimized by the use of 
air-hardening steels, or techniques such as 


Every weat TREATER HAS HEARD that 
familiar “ping” which tells him that the part 
he is quenching has just cracked in the bath. 
Such cracks result from stresses — internal 
stresses which are so large that they often ex- 
ceed the strength of the tool steel. Even when 
stresses do not crack the part, they may result 
in excessive distortion or premature failure. 


Expansion and Contraction Effects 


Before discussing methods for curing warp- 
age and cracking, let us review the effects of 
heating and cooling. To begin with, when a 
steel is heated to its critical temperature, 
it expands. On further heating, the steel con- 
tracts as the ferrite is converted to austenite. 
Still further heating, of course, expands the 
newly formed austenite. On slow cooling, the 
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interrupted quenching or ultrasonic agitation. (J-26; TS, 9-72, 9-74) 


dimensional changes are reversed, an expansion 
occurring when the austenite changes to ferrite. 
However, on quenching, the steel contracts 
until the Ms temperature is reached, then ex- 
pands when the austenite changes to marten- 
site. And to complicate the heat treater’s 
problem, steel parts do not usually transform 
uniformly, particularly if they are large and 
intricate. Then, appreciable thermal gradients 
can exist between the surface and interior, and 
between heavy and light sections. 

In heat treating, we are concerned with two 
types of distortion. First, there is size distor- 
tion; transformation changes in heat treating 
may cause an increase or decrease in volume. 
Then there is shape distortion or warpage — 

*Research Metallurgist, Braeburn Alloy Steel 
Corp., Braeburn, Pa. 
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Table I — Size Distortion in Common Types of Tool Steels 


erably being heated in a vertical fur- 


HARDENING TEMPERING 


Too. STEEL 
TEMPERATURE*® | TREATMENTT 


Size CHANGE?, 
MILs PER IN. 


nace. Also, it is important to remem- 
ber that many a tool is spoiled by 
failure to provide adequate support 


1050 
1025 


when it is removed from the furnace 
for quenching. 

It is best to heat small sections to 
the lower portion of the recommended 
hardening range, higher temperatures 
in that range being employed for 
large sections. Overheating by using 
temperatures which are too high or 


*W1, water quenched; A2 and D2, air quenched; balance, 


oil quenched. 


tT1 and M2, double-tempered 2% hr. each treatment; bal- 


ance, | hr. treatment. 


tDue to hardening and tempering. Based on dimensions of 


annealed specimens. 


Source: Distortion in Tool Steels, by Bernard S. Lement, 


American Society for Metals, Novelty, Ohio. 173 p. 


straightness or angularity change, for instance. 
Warping is caused either by residual, internal 
or applied stresses. Residual stresses are pres- 
ent in the tool before heat treating; they result 
from machining, grinding, straightening or 
other cold working operations. Internal 


stresses are generally created by nonuniform 


conditions of temperature and of transforma- 
tion. Applied stresses cause plastic deformation. 
As an example, a tool may sag in the furnace 
due to improper support or a warped hearth. 


Some Precautions to Observe 


Tool steels should be heated slowly and uni- 
formly for hardening*. For high speed steels 
heated to over 2000° F. for hardening, a pre- 
heat of 1500 to 1650° F. is needed. If, however, 
quenching temperatures are lower than 2000° 
F., preheating at about 1200° F. is satisfactory. 

It is good practice to protect the surfaces of 
the part from decarburization (by packing it in 
cast iron chips, for example). If a separate pre- 
heating furnace is not available, the part may be 
placed in a cold furnace, after which it is raised 
to the proper preheating temperature and held 
to attain uniform heat throughout before pro- 
ceeding to the hardening temperature. 

While heating, a part should be propped in 
the furnace to avoid sagging, long parts pref- 
*Generally speaking, stress relieving before 
hardening is beneficial for tool steels. However, 
the operation, which is carried out at about 1000 
to 1300° F., often causes undesirable warpage; 
thus, it is a good idea to allow extra stock for 
finishing after stress relieving. 


74 


times which are too long should be 
avoided. 

On quenching, large stresses are 
produced. To form a fully hardened, 
martensitic structure, it is necessary to 
quench at a rate fast enough to pre- 
vent pearlite or bainite from forming. 
On further cooling to below the Ms 
temperature (which is about 500° F. 
for most tool steels), martensite will form. 

Lack of uniformity in conditions is the princi- 
pal cause of warpage during quenching. As an 
example, a tool with variations in sections may 
not cool evenly. Skin temperatures can also be 
nonuniform in quenching, a condition caused 
largely by the formation of a vapor film which 
insulates the work from the quench in the ini- 
tial stages of cooling. 

In addition to differences in the cooling ca- 
pacity of the quench, there are differences in 
the rate of transformation between the surface 
and the center and between light and heavy 
sections. Martensite forms at the surface first. 
This results in a localized expansion, and the 
transformation stresses deform the interior 
which is still austenitic. When the interior 
reaches its Ms temperature and ultimately trans- 
forms, warping can occur. Superimposed on 
the transformation stresses are thermal stresses 
resulting from nonuniform conditions of cool- 
ing. Problems of this sort may be solved by 
the use of air-hardening steels. Air will cool 
the part more slowly (and thus more uniformly} 
than oil or water. 


Postquenching Precautions 


Since straightening (after hardening) can pro- 
duce high residual stresses which may cause 
breakage, it should preferably be done before 
the steel cools below the Ms temperature. As 
stated before, this is above 500° F. for most tool 
steels. 

During tempering, decomposition of primary 
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Fig. 1 — Crack in Die Initiated 
by Seam and Severe Grinding 


martensite results in contraction. However, the 
conversion of untransformed or retained austen- 
ite to martensite or bainite produces expansion. 
The dimensional changes which result from 
these opposing reactions depend on the relative 
effect of each factor. From the practical stand- 
point, warpage in water or oil-hardening tool 
steels is usually of greater magnitude and is 
more of a problem than is size distortion. How- 
ever, as Table I shows, warpage is less of a 
problem on steels hardened in air. 

Tool designers can often compensate for size 
distortion. For example, in making precision 
hobs for gear cutting, dimensional accuracy 
must be held to very close limits. On linear 
or longitudinal growth, it is common practice 
to allow for changes as follows: T1, 0.0015 in. 
per in.; M2, 0.002 in. per in.; and M1, 0.003 
in. per in. These figures will vary slightly for 
variations in the design of the hobs, but essen- 
tially the growth on the molybdenum-base high 
speed steels (M1 and M2) is greater than that 
which occurs in the tungsten-base high speed 
steels. This need not cause difficulty if the 
growth is compensated for, and if the steel is 
consistent in its growth. 

Hardening by interrupted quenching (termed 
“step quenching” or “martempering”) is a useful 
technique in which the steel is quenched in 
hot salt or hot oil to a temperature above the 
Ms temperature, held to equalize the tempera- 
ture, and then cooled in air. In general, this 
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Fig. 2— Coarse Fracture in H12 Stem 
Used for Extruding Aluminum. It 
was overheated when  austenitized 


treatment will result in the retention of more 
austenite than will continuous quenching 
methods. However, there is considerably less 
danger of cracking and warpage. 

In hot quenching, the degree of agitation and 
the quenching power of the bath have an im- 
portant effect on distortion. It may not be re- 
alized that the quenching power of a severely 
agitated salt bath approaches that of a brine 
quench, and that thin, intricate sections will 
distort less in a quiet bath. The important 
point to remember is that cooling should be 
fast enough to prevent transformation at the 
nose of the T-T-T curve for the steel, but not 
so rapid that distortion will result. (This is true 
also for continuous or interrupted quenching.) 

Ultrasonic quenching” is also effective in con- 
trolling distortion; it involves the introduction 
of ultrasonic energy in the quench bath. Waves 
with a frequency of about 25,000 cycles per sec. 
will effectively break down the vapor film 
which surrounds the work in the initial stages 
of water or oil quenching. 

In conclusion, there is no simple solution to 
the problem of minimizing distortion and 
eliminating cracking. Each problem has to be 
considered individually. However, these com- 
ments are submitted with the thought that they 
will point out the basic causes for distortion 
and cracking, and indicate some of the methods 
for overcoming the difficulties. 8 


*U. S. Patent 2,798,832. 
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Varies in Tool Steels 


By DAVID P. HUGHES* 


With a Rockwell testing machine modified to operate 


up to 1200°F., Latrobe engineers rated the hot hardnesses 

of numerous grades of tool steels and found that they 

varied according to heat treatment and room temperature hardnesses. 
Data obtained by this type of test can be used to select a tool steel 


In tis sPACE AND MISSILE AGE, steels are 
being specified for more and more applications 
which require them to maintain shape and 
strength at high heat. Under such circum- 
stances, it is obvious that the hardness of a 
steel “under fire” is a property which should be 
known. However, hardnesses for most steels 
are usually given only on a room-temperature 
basis. This is chiefly because hot hardness is 
not an easy thing to measure with precision, the 
problem being to obtain reliable and reproduc- 
ible results which are relatively free from exter- 
nal influences. 

Fortunately, there is a relatively simple and 
practical apparatus which can be used. As 
Fig. 1 shows, it consists of a small electric fur- 
nace on the elevating base of a standard Rock- 
well hardness testing machinet. An extension 
arm, fitted to the machine’s indentor and ex- 
tending down into the furnace, conducts heat 
to the indentor and its diamond brale to warm 
them to the same temperature as the sample 
being tested. The top of the furnace is sealed 


* Assistant to the Technical Director, Latrobe 
Steel Co., Latrobe, Pa. 


tA complete description of this unit appeared in 
Metal Progress, March 1943, p. 413. 
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for a specific application. (Q29p; TS) 


from the air so that it can retain a protective 
atmosphere. 


How Tests Were Made 


In making the tests, a minimum of five hard- 
ness readings were taken at each temperature, 
and then averaged, additional measurements 
being made until five of them checked closely 
with each other. To keep the specimens from 
oxidizing, a nitrogen atmosphere was main- 
tained inside the furnace during operation. 
Tests could not be made above 1200° F. because 
this atmosphere was held in the furnace with 
an oil seal. The oil heated up during each test 
run, and decomposed above 1200° F., slightly 
darkening the surface of test specimens. This 
made hardness readings unreliable. 

For testing, each specimen was heated to 
800° F. in steps of 200°, starting at 200° F. 
From 800 to 1200° F., readings were taken at 
100° intervals. Before making each test, the 
specimen was held at temperature for 30 min. 
In general, about 20 min. was needed for the 
furnace to attain the next higher temperature, 
and to reach thermal equilibrium before the 
30 min. holding period could start. During the 
holding period, the temperature in the furnace 
was held within 3° F. of that required. 
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Results of Tests 


The Data Sheet (p. 96-B) lists the composi- 
tions of A.LS.I. D2, H1l, H12, H13, H14, 
H21, H23, H24, and M2, the steels which were 
among those tested with this setup. Figure 
2 includes the hot hardness curves for five 
popular types of hot work steels, all of which 
were heat treated to maximum secondary hard- 
ness. As is apparent, the curves are shaped 
differently for each steel, particularly at the 
higher testing temperatures. Undoubtedly, 
these variations are largely due to the differing 
tempering temperatures. For example, the 
curve for A.I.S.I. D2, drops slightly as the tem- 
perature is raised to 900° F. (tempering tem- 
perature was 950° F.), then falls abruptly. (Of 
course, D2, being more of a semihot work 
steel, is distinctly different from the other four.) 
Conversely, the curve for A.LS.I. H23 (tem- 
pered at 1200° F.) indicates only moderate hard- 
ness, Rockwell C-45 at room temperature. 
However, it holds its hardness quite well all 
the way up to 1200°F. and loses less of its 
heat-resistant quality, proportionately, than the 
other steels tested. As for the other three, H12 
was tempered at 950° F., H21, at 1050° F., and 
H24, at 1050° F. 

Figure 3 illustrates the hot hardness curves 
for A.LS.I. H12, H21, H23 and H24, all of 
which were heat treated to the normal tool 
and die room-temperature hardness for the 
composition being tested. (Tempering tempera- 
tures: H12, 1125°F.; H21, 1200°F.; H23, 


1200° F.; H24, 1200° F.) These curves indicate 


Hardness, Rackweii C 


Fig. 2 — Hot Hardness 
Curves for Five Tool Steels 
Heat Treated to Maximum 
Secondary Hardness. The 
curves vary because the 
tempering temperatures 
needed to produce maxi- 
mum hardnesses 
were different for each steel 
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Fig. 1 — Rockwell Hardness Machine Adapted 
for Determining Hot Hardnesses. During 
tests, both specimen and diamond indenter 
are heated by a small electric furnace 


that the higher the room-temperature hardness, 
the higher the hot hardness of such steels, at 
least up to the tempering temperature used. 


Using the Curves 


These data can be used to select an alloy 
steel for a particular application with consider- 
able assurance that it will perform as required. 
Let us assume, for example, that a steel is 
needed for dies intended to extrude cupro- 
nickel tube blooms. In such an application, a 
unit pressure of up to 150,000 psi. is developed; 


Temperature, *F 
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this subjects the die to an over-all temperature 
of about 1100° F. (admittedly, the die bearing 
gets even hotter than this for very short periods 
during each cycle). Now, if we use the general 
rule of thumb that the available tensile 
strength of steel is 5000 x Rockwell C hardness, 
the steel selected must possess a minimum hard- 
ness of Rockwell C-30 at 1100° F. A study of 
Fig. 2 suggests that A.I.S.I. H12 would be 
borderline, and that A.I.S.1. H21 or H24 would 
be a more logical choice. However, Fig. 3 
indicates that unless the original heat treatment 
and the resulting room-temperature hardness 
are also considered, even the choice of A.LS.I. 
H21 will not provide satisfactory service be- 
cause its hardness at 1100° F. may be inade- 
quate for optimum performance. 


Fig. 4—Hot Hardness 
Curves for Four H-Type 
Tool Steels Heat Treated 
to the Same Room Tem- 
perature Hardness (Rock- 
well C-44). As far as hot 
hardness is concerned, 
these steels are virtually 
identical in reaction 
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Fig. 3 — Hot Hardness 
Curves for Four H-Type 
Tool Steels Heat Treated 
to Usual Working Hard- 
nesses. In general, the 
higher the hardness at 
room temperature, the 


higher the hot hardness 


The 5% Cr Group 


The hot hardness curves for four different 
types of 59% Cr hot work steels (A.LS.I. H11, 
H12, H13 and H14) are shown in Fig. 4. Al- 
though regarded as cousins, metallurgically 
speaking, each of these hot work steels is given 
credit, in certain quarters, for some specific 
advantage in performance. Our testing, how- 
ever, disclosed that they are practically broth- 
ers in hot hardness. Thus, if any of these steels 
possess any real superiority over others in the 
group, it obviously results from some quality 
other than hot hardness. 

Steels with lower hardnesses at room tem- 
perature have lower hot hardnesses to about 
the same relative degree, as Fig. 5 demonstrates. 
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Fig. 5— Steel M2 Aus- 
tenitized at Three Differ- 
ent Temperatures and 
Tempered (at 1050° F. 
for Two 2 Hr. Periods). 
Austenitizing at higher 


temperatures _ dissolves w 55, 
more alloy carbides; the = | 
increased amount of alloy 2 
in the austenite results in iy 
higher hardnesses at all of ye 
the testing temperatures 
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These hot hardness curves, which are for M2 
austenitized at 2000, 2100 and 2250° F., show 
that the highest quenching temperature 
(2250° F.) produces the highest hardnesses at 
all temperatures up to and including 1100° F. 
(This is to be expected because more alloy 
carbides dissolve in the austenite at the higher 
hardening temperature.) Thus, hot hardness 
is controlled not only by the chemical composi- 
tion of the alloy but the specific heat treatment 
as well. Obviously, selection of a heat resisting 
tool steel without regard to its heat treatment is 
no guarantee of improved hot hardness. 


Hot Hardness for Long Times 


As part of the testing program, a special 
effort was made to determine the effect of 
long exposures to given temperatures on hot 
hardnesses. Specifically, specimens of T1, M1, 
M2, M10 and M50 were heated at 600 and 
800° F. (see Table I) for up to 500 hr., being 


tested for hot hardness at various time intervals. 


Table I — Hot Hardness After Long Exposure at 800° F. 


Each sample was heated to the required tem- 
perature in a furnace adjacent to the hot hard- 
ness testing apparatus. For testing, the speci- 
men was transferred quickly to the hardness 
testing furnace which was maintained at the 
same temperature as the holding furnace. 
After 30 min., the period for temperature 
equalization, the hardness of each sample was 
measured. Then, the sample was returned to 
the furnace until it was time for the next test. 
As a result, the exposure to heat of each sample 
was continuous throughout the test duration. 
From this testing, it was observed that no 
significant change in hardness takes place 
within any one grade at any one temperature. 
Therefore, short-time hardness data for high 
speed steels will indicate the effect of lengthy 
exposures (up to at least 500 hr.) on hot hard- 
nesses to 800° F. This conclusion should interest 
bearing manufacturers and the makers of other 
machine parts confronted with the need for high 
strength at such heat levels. Se 


HARDNESS Harpness AFrer Exposure at 800° F. 


AT Room 
TeEmMPERATURE* | | Hr. 
j C-57.0 57. é 
65.0 58.5 58.0 57.5 59.0 
65.5 57.0 57.5 58.0 56.0 
65.0 56.5 58.0 57.5 58.0 


56.5 
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* Before and after testing. 


: 
RT. 206 400, 600 860 
7 
M2 
MI 
M10 
we M50 62.5 mz 56.5 56.0 56.5 
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Fig. 1 — Speed Capsules on Convair 990 
(Inset) Smooth Airflow over Wings and 
Carry 11% of the Aircraft’s Fuel Load 


| Adhesives for Fabricating 
Speed Capsules 


By HAROLD H, ROSENBAUM* 


Adhesives are used extensively during construction of the capsules 
, for the Convair 990 to bond components of the honeycomb floor panel 
| and to seal all joints, thus forming a leak-proof tank for fuel. 
Added bonus is greater strength than obtained by 

using riveted construction alone. (K12, T24) 
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Fig. 2 — Facings, Honeycomb Core Sections and Machined Frame of Capsule 
Floor Are Fitted in Special Fixture. Here workman lays out hole location 


Commenctat JET AIRLINERS GET passen- 
gers to their destinations in a hurry but the near- 
sonic speed at which they travel brings in some 
problems not often encountered with conven- 


tional aircraft. For example, at near-sonic 
speeds, the air passing over the upper surface 
of the wing travels at a supersonic rate, thus 
creating a massive shock wave and great drag. 
To overcome this, engineers at Convair, San 
Diego, have added four streamlined pods or 
capsules to the upper surface of the wing of 
the Convair 990, one of the newest and fastest 
jet transports, now undergoing flight tests. The 
speed capsules, each more than 21 ft. long and 
about 2 ft. wide, smooth the flow of air over 
the wing thus preventing the shock wave from 
forming. In addition, the four pods carry 1700 


*Design Specialist, Convair, Div. of General 
Dynamics Corp., San Diego, Calif. 
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gal. of fuel, about 11% of the total capacity of 
the 990. 


Honeycomb Floor Reduces Fatigue Damage 


As Fig. 1 shows, the capsules are located 
near the jet engine in an area of the wing 
that is subjected to sonic vibrations produced 
by the exhausts. Energy developed as the high- 
intensity sound waves impinge upon a structure 
set up fatigue stresses which can bring failure 
of the structure in a very short time. To reduce 
the damage caused by sonic fatigue, engineers 
often employ bonded honeycomb sandwich in 
their designs. These lightweight, efficient struc- 
tures often outlast conventional structures by a 
factor of at least 20 to 1 when subjected to the 
same sonic fatigue stress level. For this reason, 
the floors of the 990 speed capsules were de- 
signed as sandwiches similar to the entire trail- 
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Fig. 3— Adhesives Which 
Bond Core and Facing Sheets 
and Other Metal-to-Metal 
Contact Areas Are Applied 
After Components of the 
Capsule Floor Have Been 
Thoroughly Cleaned.  As- 
sembly is then sealed with 
glass cloth and a_ rubber 
blanket and heated to 
325° F. to cure the adhesive 


ing edge of the wing aft of the rear spar. 

The floor of each capsule is made in two 
sections. The forward section of the inboard 
speed capsule floor is 152 in. long and varies 
in width up to about 26 in. The aft floor sec- 
tion is almost triangular in shape with a width 
of about 26 in. and a length of 66 in. In the 
floor of the outboard capsule the forward sec- 
tion is 188 in. long and the aft section is 57 in. 
long. Other dimensions are approximately the 
same as those of the inboard capsules. 

Facings of the floor sections are made from 
0.040-in. 7075-T 6 aluminum alloy clad on one 
side only and chemically milled down to 0.022 
in., except in the areas where attachments are 
to be made. An 0.020-in. thick sheet with 
doublers bonded to it could have been used, 
but the chemically milled facings have proved 
to be more economical. Honeycomb core 
used is 0.305 in. thick; it has a cell size of \% in. 
Use of nonperforated foil prevents fuel from 
filling the entire core should the facing be 
punctured or cracked. Only those cells directly 
exposed by the damage would fill. 

Placed around the periphery of the floor and 
under the integral doublers is a 0.272-in. thick 
frame of bare 2024-T 4 aluminum alloy. Ma- 
chining the frame is a difficult job because there 
are three planes in the geometery of the floor. 
Tolerances must be held to +0.003 in. to insure 
a good bond between it and the facings. This 
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part serves as the closing member of the sand- 
wich and also as a base to which other details 
can be attached. 

Several hundred aluminum disks (2024 alloy) 
are inserted in the core. To these are riveted 
the ribs which stiffen the floor of the capsule. 
Measuring 0.75 in. in diameter and 0.272 in. 
thick, the inserts permit rivets to be driven 
without crushing the core. 


“White-Glove” Treatment 


To construct the speed capsules, the chemi- 
cally milled facings, machined frame and the 
precut sections of core are assembled on a fix- 
ture as shown in Fig. 2. Shims of polyethylene 
film are inserted between the facings, and the 
fit of the frame, core and assembly are checked. 
Any discrepancies noted are corrected while 
the details are in the fixture. Holes are then 
drilled in the core to receive the inserts. All 
matched components are then removed from 
the fixture and taken to the cleaning area. 
Here, the facings and the frames are immersed 
for 8 min. in a solution of sulfuric acid and 
sodium dichromate at 150°F. They are next 
rinsed in tap water, then in deionized water, 
and, finally, dried at 150° F. 

Within 2 hr. after cleaning, the inside sur- 
faces of the facings and the frames are sprayed 
with an adhesive primer (EC 1660, Minnesota 
Mining and Mfg. Co.). After air drying for 
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2 hr., the components are baked at 250° F. for 
at least 30 min. From this point on, they are 
handled only by personnel wearing clean, 
white cotton gloves. 

Core sections are cleaned by spraying them 
liberally from both sides with unused aliphatic 
napththa. They are allowed to dry in air for 
1 hr. after which they are dried in an oven at 
150° F. for another hour. The core does not 
receive a coat of primer. 


Adhesives Widely Used 


Assembly of the matched parts for a particu- 
lar capsule is carried out in a dust-free area. 
The bottom facing is placed in a bonding fix- 
ture (Fig. 3) and a layer of the proper adhesive 
film is applied. One type (AF 32, Minnesota 
Mining and Mfg. Co.) is used in those areas 
where a metal-to-metal bond is required; an- 


Fig. 4 — Ribs of Speed Capsule, Each Alodized 
and Primed With Adhesive, Are Squeeze-Riv- 
eted Into Place on the Floor Panel. Impact riv- 
eting is not permitted because it may dam- 
age the facing-to-core bond which holds the 
honeycomb structure of the floor together 


JUNE 1961 


other adhesive film (AF 204) is used to bond 
the facing to the core. This is specially formu- 
lated adhesive which is strong enough when 
cured to prevent the facings from breaking 
loose when the capsule is heated in a subse- 
quent sealing operation to 325° F. At this tem- 
perature, the air and gases trapped in the core 
cells expand and exert internal pressure. 

After the adhesive is applied, the frame or 
core sections are placed in position. Epoxy 
putty (EC 1630) is used to make a shear tie 
between the core sections and the frame and 
also to anchor the round inserts in the core. 
Another layer of AF 32 and AF 204 is applied 
to the exposed core and frame areas, and then 
the upper facing is mated to the assembly. 

Next step is to cure the adhesives. This is 
done by first covering the assembly with sev- 
eral layers of glass cloth and a rubber blanket 
which is attached securely to the fixture to form 
a pressure-tight seal. A partial vacuum is 
drawn on the covered assembly to check it for 
leaks. Then the fixture with the sealed assem- 
bly is placed into an autoclave and heated for 
1 hr. at 350° F. under a pressure of 65 psi. 


After the curing cycle, the assembly is taken 
from the autoclave under full vacuum and 
allowed to cool to 150° F. or less. The rubber 
blanket is then removed and the bonded sand- 
wich floor is extracted from the fixture. 

All panels must be thoroughly inspected 
This is done visually and with an ultrasonic 
tester which pinpoints unbonded areas. The 
device measures the change in the impedence 
of an ultrasonic vibration passed through an 
area of known quality versus one of unknown 
quality. If there is a difference in translated 
wave form, as shown on the instrument’s oscil- 
loscope, between the known standard and the 
unknown bonded area, then a void is likely to 
be present. These are repaired, as are the 
edges of the floor after it is trimmed, with an 
adhesive (Narmco 3144) which sets at room 
temperature. This material has low viscosity 
and flows by capillary action into any crack. 

The speed capsule floor, trimmed and with 
all necessary holes drilled, is the basic detail 
around which the remainder of the structure — 
bulkheads, floor rails, ribs and skin —is at- 
tached. Ribs and rails are made from extruded 
shapes of 2025-T 4 aluminum alloy stretched- 
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Fig. 5 — Ribs Are Attached to Floor of Speed 
Capsule, Then Covered With a Skin of Clad 
7075-T 6 Aluminum. Adhesive, applied to 
joints before assembly, is cured to form a leak- 
proof fuel tank when fabrication is completed 


formed to the desired contours. The skin is 
0.090-in. clad 7075-T 6 aluminum, also stretch- 
formed. Bulkheads at each end of the tank 
section of the capsule are of conventional sheet 
metal construction. All of these parts are 
temporarily assembled to assure that they will 
fit up into an aerodynamically smooth structure 
when joined. 


Fuel Tank Sealed 


Because the capsules also serve as fuel tanks, 
they must be treated to make them leak-proof. 
For this purpose Convair employs “Scotchweld- 
ing”, an adhesive-bonding technique that per- 
manently seals wing structural elements to form 
integral leak-proof tanks. The process was first 
used on the F-102 A of which almost 1000 were 
built for the Air Force. During more than 
four years of operational service, none of these 
aircraft have developed leaks in their fuel tanks. 

In addition to sealing the integral tanks, the 
bonding process also strengthens the wing 
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Fig. 6— Attachment of the Tail Cone 
Completes Fabrication of the Speed Cap- 
sule Except for Installation of Plumbing 


structure by about 25%. The wing design does 
not depend on the strength derived from the 
adhesive, but the increase in strength is a 
highly regarded bonus and an additional built- 
in safety factor. 

Surface condition of the components of the 
capsule is important in the success of the seal- 
ing process. First, all of the fitted parts, in- 
cluding the floor panel, are immersed in a 
series of solutions which cover the surface with 
a conversion coating. This treatment, known 
as Alodine 600, makes the surface receptive to 
adhesives and also produces a corrosion-resist- 
ant coating. 

All surfaces except the exterior of the capsule 
skins are then sprayed with an adhesive primer. 
When fully cured in subsequent operations, 
this coating of primer forms a tough, chemical 
and corrosion-resistant coating. The primer is 
allowed to dry in air for at least 1 hr., after 
which the parts are baked in an oven for 30 
min. at 250° F. Surfaces to be bonded are then 
covered with a specially developed paper mask- 
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ing tape that keeps them clean and permits 
handling of the details without the need for 
white cotton gloves. 


Final Assembly 


Parts are now ready for final assembly. The 
masking tape is removed, and a layer of Scotch- 
weld adhesive is interposed. Components are 
then riveted together, as shown in Fig. 4 and 
5, care being taken not to disturb the adhesive 
film in between. Impact riveting is prohibited 
because the shock of upsetting the rivet head 
could damage the facing-to-core bond. 

When the capsule has been fully assembled, 
it is made leak-proof by heating it for 1 hr. at 
325° F. This cures the adhesive film in all the 
faying surfaces into a tough, strong, fuel- 
resistant material which adheres strongly to the 
metal. Pressure supplied by the rivets is suffi- 
cient to insure good metal-to-metal contact. 

The tail cone is joined to the tank as shown 
in Fig. 6. It does not carry fuel. Final oper- 
ations include a pneumatic leak test and instal- 
lation of fuel lines, valves, pumps, fittings, and 
accessories. This latter work is accomplished 


through access doors in the floor and body. @ 
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Ultrasonics Solve Testing Problems 


By T. A. LaROE 
and E. T. HUGHES* 


Through the use of sound waves with frequencies ranging from 200 kc. 
to 25 mc., engineers can detect a wide variety of surface 

and subsurface defects in metallic and nonmetallic parts 

of virtually any size and shape, measure thicknesses from one side 


of a part, and detect lack of bonding in soldered, brazed, and, in some instances, 
adhesively bonded parts. Many of the features concerning the theory 

and practice of ultrasonic testing are discussed 

in this article. (S13g; $14g) 


comMPARATIVELY RECENT ARRIVALS 
to the manufacturing scene, ultrasonic testing 
methods have rapidly achieved wide employ- 
ment by a great number of industries. Today, 
with ultrasonic equipment of many types, steel- 
makers locate pipe and ruptures in ingots and 
blooms, aircraft builders detect and outline 
bonding defects in brazed honeycomb panels, 
fabricators of all types of assemblies locate and 
measure cracks and porosity in welds — in short, 
ultrasonics can be used for a great variety of 
nondestructive tests. Yet, despite the wide 
application of the technique, many manu- 
facturers are unaware of what can be accom- 


*Nuclear Power Dept., Steam Division (Philadel- 
phia), and Ferrous Application Group, Materials 
Engineering Laboratories (East Pittsburgh), respec- 
tively, Westinghouse Electric Corp. 
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plished with ultrasonics. It is for these people 
that this article is intended. 


What Are Ultrasonics? 


To begin with, a brief description of the basic 
principles might be helpful. For nondestruc- 
tive testing, useful ultrasonic vibrations range 
from frequencies of 200,000 to 25,000,000 cycles 
per sec. (200 ke. to 25 me.), and even higher. 
Ultrasonic waves are generated by a device 
called a transducer. Usually cut from quartz 
crystals, transducers exhibit a phenomenon 
known as the “piezoelectric effect” which trans- 
forms electrical pulses into mechanical vibra- 
tions and vice versa. Thus, a rapidly fluctuat- 
ing voltage will cause the transducer to change 
thickness and vibrate at the same frequency as 
that with which the voltage fluctuates. 
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Testing a Billet of Alloy 
Steel for Internal De- 
fects. The “blip” on the 
screen indicates a void at 
the center of the billet 


For testing, ultrasonic vibrations of the trans- 
ducer are generally introduced into the mate- 
rial through a couplant such as oil, grease, putty, 
glycerine or water. When these vibrations enter 
a part being tested, they are reflected, scattered, 
or attenuated by discontinuities within it. Thus, 
only certain percentages of the outgoing waves 
will be returned to the crystal to be picked up. 

Since the piezoelectric effect is a reversible 
phenomenon, a transducer properly coupled to 
a vibrating material will produce a fluctuating 
output voltage. Usually the sending trans- 
ducer is also the receiving transducer, but the 
reflected waves can also be picked up by addi- 
tional crystals at other locations. After passing 
through the electronic circuitry, the signals 
picked up by the transducer are displayed on 
the screen of a cathode-ray oscilloscope. (In 
more complex instruments, they may set off 
alarms or actuate recording devices.) 


Columnar Beam Needed 


Within the test material, the ultrasonic waves 
produced by the sending transducer are 
“beamed” waves that progress almost as a col- 
umn, like light from a flashlight. (However, if 
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the diameter of the transducer were less than 
a few times the wave length produced, the 
sound would likely radiate more nearly in a 
spherical beam.) Though the ideal columnar 
beam condition never exists, it is more closely 
approached at higher test frequencies and with 
transducers of larger diameter. 

As Fig. 1 shows, the wave fronts thus pro- 
duced move in a straight line until the sound 
hits a boundary between materials of differing 
acoustic velocities. The first boundary encoun- 
tered is the interface between sending trans- 
ducer and couplant; the next, that between 
couplant and test material. In contact testing, 
these are one and the same boundary for all 
practical purposes. Since this boundary acts as 
a discontinuity, a major portion of the incident 
energy is reflected and causes a large indication 
(the “initial” pulse) to appear on the cathode- 
ray screen. Meanwhile, the remainder of the 
sound energy enters the test piece and travels 
continuously (if the piece is big enough) until 
it is entirely damped by frictional losses from 
particle vibration, mechanical hysteresis losses, 
heating losses, and scattering of the beam. 
These damping effects are called attenuation. 
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Fig. 1 — Longitudinal Waves Gen- 
erated by the Transducer Travel in 
a Column Until They Strike a 
Discontinuity or a Boundary. The 
reflections are then picked up and 
displayed on the cathode-ray 
screen as “blips”, the distances be- 
tween these blips being in relation 
to the dimensions of the part and 


4 
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For a given material, they limit the distance 
of sound penetration since the farther the wave 
travels, the greater its losses become until it is 
completely dissipated. 

In most applications, however, the material 
is limited by boundary surfaces; the sound 
waves merely travel until they strike another 
boundary. Then, most of the energy is re- 
flected, and returns to the transducer to pro- 
duce the “back” reflection. If the back surface 
of the material is not parallel to the front sur- 
face, however, the sound beam bounces off at 
an angle and is lost. On the other hand, if a 
portion of the sound beam hits a defect within 
the material, some sound will be reflected from 
it. This reflection can cause a “defect indica- 
tion” to appear on the oscilloscope. The posi- 
tion of this indication between those of the 
front surface and the back-surface reflection 
indicates the depth at which the defect lies. 
Since such measurements can be made with 
considerable accuracy, it is possible to deter- 
mine whether the flaw can be machined out in 
subsequent operations, or if it is located in an 
area of low stress. 


Angular Incidence 


By placing a plastic wedge between the trans- 
ducer and the test material (as illustrated by 
Fig. 2 and 3) sound beams can be deliberately 


88 


the depths of the defects. Thus, 
ultrasonics can be used to locate 
defects and to measure dimensions 


angled. In immersion testing (in which the 
transducer and the test object are submerged 
in water which serves as a couplant), angular 
incidence is attained simply by tilting either 
the transducer or the test object. 

Angled sound waves can be used to locate 
and evaluate defects with angular orientations 
and to examine zones within test objects that 
straight beams cannot reach. When the angle 
of entry exceeds a certain critical value, the 
incident longitudinal waves are changed into 
transverse or shear waves (Fig. 2). Since trans- 
verse wave velocities are about one half the 
velocity of longitudinal waves, reflections from 
boundaries and defects will appear to be twice 
as far from the transducer as would be indicated 
by reflections of longitudinal waves. As a warn- 
ing to operators, if this situation is not properly 
recognized, defects can appear to be beyond 
the boundaries of the test material. 

When the sound beam exceeds a second criti- 
cal angle, still another type of wave form will 
be created — a surface wave. As shown in Fig. 
3, particle motion is confined to the surface of 
the material, penetrating to a depth of only 
about one-half wave length. These waves, 
which are slightly slower than transverse waves, 
will follow the surface contour of the test ma- 
terial with no difficulty. They are useful in de- 
tecting defects at and near the surface. 
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Ultrasonic Test Instruments 


Two basic types of ultrasonic test systems 
are available; one is resonance, the other pulse- 
echo. Each has several modifications and ac- 
cessory systems. Also available are various 
forms of indicating or recording systems, the 
most elaborate being the automatic-scanning 
setups employed for some immersion test sys- 
tems. Adding to these complications are the 
four major types of signal display systems which 
exist: the resonance-thickness display systems 
(which show the signals as vertical deflections 
of a cathode-ray beam swept horizontally); A- 
scan pulse-echo display systems (which display 
the pulse-echo amplitude vertically by deflec- 
tions of a cathode-ray beam which moves hori- 
zontally with time); B-scan pulse-echo display 
systems (which produce indications correspond- 
ing to a cross section taken vertically through 
the test material); and C-scan pulse-echo dis- 
play systems (which produce cathode-ray screen 
images on memory-type tubes, or facsimile re- 
corder images corresponding to a plan or top 
view of the test object). 

Most complex of the display systems avail- 
able, the C-scan shows the relative areas of 
discontinuities and their locations as seen from 
the top surface of the test object. Though these 
systems usually do not show the depth of dis- 
continuities from the top surface, they can be 
adjusted to respond only to defects within 
pre-selected depth ranges. 


Resonance Test Instruments 


In resonance testing, the transducer is driven 
by a sweep oscillator whose frequency is varied 
continuously. When the natural frequency of 
the material thickness (or a multiple of this 
frequency) is reached, the amplitude of vibra- 
tion increases considerably and produces a dis- 
play on the cathode-ray screen. Properly cali- 
brated, this type of equipment can measure the 
thickness of any material from one side. How- 
ever, the opposite surface of the test object must 
be reasonably parallel to the surface touched by 
the transducer. Resonance testing is employed 
almost exclusively for measuring thicknesses and 
detecting relatively large laminar defects, or 
locating unbonded zones in sandwich materials. 


Pulse-Echo Instruments 


In pulse-echo equipment, the transducer is 
driven at a single pre-selected frequency for 
a very small fraction of a second (usually only 
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Fig. 2— To Produce Shear Waves, the Transducer 
Is Set at an Angle, a Plastic Wedge Being Used 
to Obtain the Desired Angle. Waves of this 
type are employed in detecting defects which 
are difficult to locate by longitudinal waves 


2 Defect 


Sharp 


Fig. 3 — Surface Waves Are Produced by Anglin 
the Transducer so That the Sonic Impulses Wil 
Move Along the Surface. This type of wave 
is useful in detecting shallow surface defects 


a few microseconds). Then, the sending crystal 
(or a second transducer, used only as a pickup) 
“listens” for the return of this short burst of 
sound after it has traveled through the test ma- 
terial and bounced back from a flaw or the rear 
surface of the test object. The “send-return” 
cycle is both accurately timed and continuously 
repeated. 
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Fig. 4 — Large Seamless Tube Being Tested (at 
Timken Roller Bearing Co.) by Ultrasonics. The 
water acts as a couplant and enables the oper- 
ator to set the transducer at any desired angle 
to pick up defects of variable orientations 


Reflections from all surfaces, internal defects, 
bond lines, and even from the boundaries of 
large grains of metal, can cause indications on 
the cathode-ray screen. In fact, most instru- 
ments are so sensitive that the reflection from 
the end of a flat-bottomed hole only 3/64-in. in 
diameter can cause signal deflections up to 1 in. 
high. 

For pulse-echo testing, the instrument should 
have sufficient power to drive the transducer 
and to reproduce the selected test frequency 
accurately. Furthermore, its controls should be 
linear and its circuits stable so that the tester 
will remain in correct adjustment once it has 
been calibrated. To avoid false indications on 
the cathode-ray screen, there should also be 
freedom from electrical interference. 


A Vital Part — the Transducer 


The size, shape, material, and condition of the 
transducer, its design for contact or immersion 
testing, and the type of wave motion it is de- 
signed to produce within the test material are 
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all of critical importance to the quality of test 
results. The first transducer material, quartz, is 
still the most popular for many uses. Being 
both mechanically and electrically stable, quartz 
also resists wear and aging, does not dissolve in 
couplants, and is not affected by high tempera- 
tures. On the other hand, it does not generate 
acoustic energy as efficiently as many of the 
ceramic transducer materials which have been 
recently developed. 

The most popular of these newer types are 
barium titanate and lithium sulfate (mono- 
hydrate). Both of them produce sound more 
efficiently than quartz and thus permit more 
sensitive testing. However, neither material 
will operate at elevated temperatures. Lithium 
sulfate is soluble in water and must be carefully 
encased, and barium titanate may age and suffer 
mode conversion within the crystal. (The latter 
effect can cause false indications or background 
“noise”.) Thus, the over-all characteristics of 
a given transducer material, whether it be 
quartz, lithium sulfate, or barium titanate, must 
be balanced against the requirements for a 
specific test. 

Two other important considerations are the 
size and operating frequency of the transducer. 
The higher the frequency used, the greater will 
be the sensitivity to small defects. However, 
this advantage may be offset if it is necessary 
to use the lower frequencies needed to pene- 
trate coarse-grained materials or objects which 
are very thick. Also, high-frequency trans- 
ducers, being extremely thin, wear rapidly and 
are easily broken. Frequencies above 5 me. 
are frequently useful only in immersion testing; 
this is not practical for many large parts, or for 
inspecting assembled parts in maintenance 
work. (However, movable dolly and water- 
dyke systems have been developed to provide 
water coupling during field and maintenance 
testing. They permit the use of higher- 
frequency or contoured and focused transducer 
systems.) 

There are many variations possible. For ex- 
ample, transducers can be cut to fit small or 
uneven surfaces. Also available are contour- 
correction lens systems which can be applied to 
flat transducers. They permit sound to be in- 
troduced normally into surfaces of curved 
parts. Other types of lens systems can also be 
used with flat transducers to focus the sound 
beam down to a small diameter for increased 
sensitivity to very small discontinuities. With 
such lens systems, in fact, the diameter of the 
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sound beam radiated by a 1-in. transducer can 
be reduced to as small as 3/16 to 3/32 in. In 
all instances, however, the design frequency of 
the transducer should be the same as the driving 
frequency of the test instrument. 


Influence of the Test Material 


The next major variable in ultrasonic testing 
is the nature of the test material itself. The size 
of part, and whether or not it is to be tested 
in an assembly (as are railway axles), can well 
determine if immersion testing is feasible. Also 
important are the surfaces which are available 
for testing, and the surface finishes. (If sur- 
faces have roughness values exceeding 250 
micro-in., the entering sound beam will be 
scattered to the point where test sensitivity is 
materially reduced.) Furthermore, if the sur- 
face is rounded, wavy, or narrow in relation to 
transducer size, energy will be lost when the 
sound waves enter the test material. 

Part geometry is also important. Grooves, 
undercuts, and other surface irregularities can 
hide other areas of the part and can produce 
indications on the screen that mask those caused 
by defects. In many types of testing, angular 
defects will not produce usable reflections. 
Such defects can also cause mode conversion, 
or change longitudinal waves into transverse 
waves (which, in turn, will produce confusing 
indications on the screen). Thin sections can 


Fig. 5 — Spindle Forging for a High Pressure 
Turbine Being Ultrasonically Tested After Ma- 
chining. Forgings of this type can be as much 
as 60 in. in diameter and weight up to 100 tons 


be examined only with transverse waves or sur- 
face waves, and protrusions from parts are often 
difficult to test without contoured transducers. 

The internal structure of the test material 
can also influence ultrasonic tests to a con- 
siderable degree. For example, coarse-grained 
metals will normally be penetrated only by 
low-frequency sound. (However, recent tests 
have shown that 2.25-mc. waves from focused 
transducers can satisfactorily penetrate thick- 
nesses of 6 to 14 in. of extremely coarse-grained 
stainless steel and Inconel castings.) In general, 
the grain boundaries act like defects to reflect 
or scatter the sound. The relative ability of 
the test material to transmit sound as well as 
its attenuation characteristics, influence the 
sensitivity of ultrasonic tests. Even the direc- 
tion of rolling has an effect. 


Defect Types Are Important 


The selection and effectiveness of ultrasonic 
tests are largely determined by the types of 
defects being sought. If the size, location, and 
orientation of defects can be predicted, ade- 
quate tests are usually easy to set up. On the 
other hand, when these are unknown, a fool- 
proof test is hard to devise. For example, a 
defect that is small in relation to wave length 
in the test material (for the test frequency being 
used) will not reflect sound in a narrow beam. 
Thus, it often cannot be located without special 
techniques. Defects with rough contours or 
those which are extremly thin in relation to 
wave length can also be missed. (Groupings of 
such defects, each of which scatters some of 
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the incident sound, can occasionally be detected 
by the reduced back-surface reflection in their 
areas.) Laminar defects oriented at angles to 
the incident beam are often more difficult to 
detect than those which are rough and oddly 
shaped; the latter reflect sound through wide 
angles, some of which are bound to intercept 
the sensing transducer. 

High test frequencies and immersion test 
techniques (see Fig. 4) can often minimize 
these problems — they allow transducers to be 
oriented at will to steer the sound beams in 
any desired direction. Other techniques are 
also usable. With transverse waves and angular 
incidence, sound can be directed around obsta- 
cles such as surface bosses or irregularities. 
To attain high sensitivities, focused transducers 
can be used to inspect thin-walled tubes and 
sheets. 

Deep defects in heavy sections are best de- 
tected with low frequencies. As is obvious, 
the farther a defect is from the testing surface, 
the less sound it will reflect to the transducer. 
Consequently, it is necessary to correct for dis- 
tance in determining the size of the defect. 
Evaluations are usually made by comparisons 
with test blocks containing flat-bottomed test 
holes at the same depths as the defects appear- 
ing in the test material. 

Relatively smooth defects that are at an angle 
with the sound beam will deflect the sound at 
an angle instead of returning it to the trans- 
ducer. However, to overcome this limitation, 
sound can be steered in several directions 
through suspected areas, or the part can be 
subjected to several separate tests. 


Other Test Variables 


Other test variables should also be men- 
tioned. Couplants, for example, should have 
low viscosity for maximum sensitivity, and yet 
have enough surface tension to remain on the 
piece during testing. Water used in immersion 
testing should have a wetting agent added to 
eliminate air bubbles, and corrosion inhibitors 
are required with some test materials. Parts 
must be carefully scanned to cover all areas and 
critical regions of the part. 

Calibration standards are also important. If 
material different from the test material is used 
as a standard, the differences in acoustic prop- 
erties should be taken into account. Likewise, 
if the standard test block has a different contour 
than the test material, such as flat instead of 
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rounded surfaces, proper allowances must be 
made. As another variable, standard test pieces 
usually have artificial defects of a specific type 
and size; natural defects are seldom of the 
same size, shape or orientation. 


Sensitivity Is Usually Adequate 


For practical purposes, the sensitivity obtain- 
able is usually adequate to detect and locate 
the smallest discontinuities of structural impor- 
tance. Cracks as small as 0.00002 in. in thick- 
ness and inclusions of microscopic size can 
easily be detected at the center of sections 30 
to 40 in. thick. In fabricated assembles, such 
as fuel plates for atomic reactors, unbonded 
areas 1/32 in. in diameter are found readily 
at interfaces less than 1/16 in. below the test 
surface. Expected error is usually one half the 
wave length at the frequency used. 

Little need be said about the capabilities of 
ultrasonic testing insofar as penetration is con- 
cerned other than to note that commercial 
equipment can be used to inspect items as thin 
as a few thousandths of an inch and as much 
as 100 ft. in length. Recent developments now 
permit the detection of discontinuities located 
much closer to the test surface than the theoreti- 
cal limit of four to five times the wave length. 
At 2.25 me., for example, discontinuities have 
been detected 0.1 in. from the test surface in 
steel samples. This is considerably better than 
the 5g-in. limit previously in effect. 


Actual Applications 


To indicate the full capabilities of ultrasonic 
testing as it is practiced today, it is perhaps best 
to discuss several applications. Ultrasonic tech- 
niques have been used to detect laps, seams, 
rolling cracks, laminations, inclusions, and other 
defects in steel plates ¥%4 in. to about 12 in. thick. 
Discontinuities on the order of 0.5% of the 
plate thickness are readily detectable as are 
laminations down to less than 0.00002 in. thick. 

Ultrasonics have been used to locate porosity, 
cupping, pipe, internal ruptures, and nonmetal- 
lic inclusions in bar stock and ingots of various 
sizes up to 48 in. in diameter in a variety of 
materials — aluminum, zirconium, plain carbon 
and stainless steels, high-temperature alloys, 
and atomic fuels, to name a few. 

In the electrical industry, ultrasonics have 
been used to inspect cylindrical forgings such 
as turbine spindles (see Fig. 5) and generator 
rotors. Varying in (Continued on p. 118) 
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Alpha-Beta Titanium as Water Quenched From 1400° F. Etchant — 
1% HF aqueous solution by immersion. (Left) 100 x; (right) 600 x 


Alpha-Beta Titanium as Furnace Cuoled From 1900° F. Etchant — 
1% HF aqueous solution by immersion. (Left) 100 x; (right) 600 x 


Preparing Titanium for 
Microscopic Examination 


By W. C. COONS* 


Tue SAMPLES of “alpha-beta” titanium 
from which the photomicrographs shown above 
were taken were mounted in bakelite. A small 
hole was drilled into the side of the mount until 
contact was made with the sample. 

Subsequently, each sample was ground 
through 3/0 polishing paper. Initial electro- 
lytic polishing was performed for 5 sec. at 80 
v. (setting before contact ) in the electrolyte (90 
ml. ethyl alcohol, 10 ml. n-butyl alcohol, 6 g. 
aluminum chloride and 25 g. zinc chloride). 


*Research Scientist (Chief Metallographer), 
Metallurgy and Ceramics Research, Lockheed Mis- 
siles and Space Div., Lockheed Aircraft Corp., Palo 
Alto, Calif. 
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Secondary electrolytic polishing was conducted 
by transferring the samples directly (without 
washing and drying) to a second electrolyte 
consisting of 175 ml. methyl alcohol and 25 
ml. sulfuric acid (concentrated ). 

Polishing was performed at 20 to 40 v. (set- 
ting before contact ) for 30 to 60 sec. Times and 
voltages depended on the size of the specimen, 
the shorter times and lower voltages being em- 
ployed for the smaller samples. 

Sample contact during electrolytic polishing 
was made by inserting a bare copper wire into 
a hole that had been drilled into the side of 
each mount. Current was supplied by a 
Buehler Electro Polisher power source. 
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the urge to examine an old razor that has given 
good service, so | was glad to accept for sacri- 
fice on the altar of science a straight-edge razor 
yielded by my good friend Robert F. Wood 
of Washington Technical Services. 

According to Mr. Wood, the razor was old 
when he got it from a relative who died in the 
nineties and was of the same generation as his 
grandparents. An estimate of the date of man- 
ufacture would be sometime during the mid- 
1800's, probably before the Civil War. Mr. 
Wood remembered that when he got the razor 
it was not in its original case, but in one that 
bore the address of a hairdresser in Liverpool. 
However, the razor was marked “Kropp” on one 
side (Fig. 1) and “Ground in Hamburg” on the 
other, so it may be assumed that the razor 
originated in Germany. It was hollow ground 
with a vengeance (Fig. 2). 

The razor was used by Mr. Wood for over 
50 years. An excerpt from his letter of trans- 
mittal is as follows: 

“It would take a very keen edge and hold it. 


*Metallurgist, National Bureau of Standards, 
Washington, D.C. 
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A Century-Old Razor 


By SAMUEL J. ROSENBERG* 


I IMAGINE EVERY METALLURGIST has had 


Fig. 1 — Photograph of the 
Razor Showing “Kropp” 
Stamped in Tang. Full size 


In 1907 it was used for some eight months by 
from three to five companions in a Mexican 
mining camp where I was stationed. The fel- 
lows all had razors but they said they would 
rather use mine because it cut off their whiskers 
instead of pulling them out. I stipulated that 
no one but myself was to strop it. From that 
camp it was 12 miles by horseback and about 
100 miles by train starting at 3:00 A.M. to get 
to a barber shop, so my razor was considered 
quite a convenience . . .” 

Being thus provided with a razor par excel- 
lence and possessed of all this background, 
I proceeded to make an armchair prediction of 
what we would find, as follows: 

1. The razor would be of very high-carbon 
steel, possibly as high as 1.75%. (To take and 
hold a keen edge, it must be very high carbon. ) 
2. The razor would be extremely hard, pos- 
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Fig. 2— Cross Section of Razor (Black). The gray area is mounting material. 8 x 


Fig. 3—Cross Section 
of Razor at Cutting 
Edge. Unetched; 500 x 


sibly as hard as Rockwell C-64 or C-65. (To 
take and hold a keen edge, it must be very 
hard. ) 

3. The steel’s structure would be very coarse 
martensite. (Lack of adequate temperature 
control and the necessity for extreme hardness 
would lead one to anticipate hardening from 
an unduly high temperature. ) 


Fig. 4— Cross Section of Razor Remote 
From Cutting Edge. Unetched; 500 x 
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4. The steel would be quite dirty and high 
in phosphorus and sulfur. (After all, it was 
made during an era when we hardly knew what 
steel was, let alone how to make it properly! ) 
These were the predictions made; here are the 
findings: 

Spectrochemical and chemical analysis 
showed the razor to be made of high-carbon 


Fig. 5— Microstructure of Longitudinal Section 
Near Cutting Edge. Etched with 1% nital; 1000 x 
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steel, all right, but far from the value I had 
predicted. The composition was as follows: 


Carbon 1.35 % 
Manganese 0.20 
Phosphorus 0.016 
Sulfur 0.030 
Silicon 0.12 
Chromium 0.004 
Nickel less than 0.03 
Molybdenum less than 0.01 
Vanadium less than 0.01 
Titanium 0.003 
Copper 0.02 
Aluminum less than 0.005 


The real surprise was the values for phosphorus 
and sulfur! Dear reader, what would you have 
expected? 

Hardness measurements made on a cross sec- 
tion of the razor gave Rockwell values of C-61.9, 
62.2, 61.6. What happened to my prediction 
of C-64 to 65? 

My stock dropped still further when we 
looked at the microstructure. This steel, vin- 
tage circa 1850, was unbelievably clean (Fig. 
3 and 4)! Would that today’s steels of “air- 
craft quality” were as clean! 

Etching showed that martensite was not 
clearly recognizable as such, and that the struc- 
ture was quite fine (Fig. 5 and 6). And I had 
predicted coarse martensite! Excess carbides 
were quite numerous, both as spheroids within 


Fig. 6 — Microstructure of Cross 
Section Near Cutting Edge. 
Etched with 1% nital; 1000 x 


the prior austenite grains and at the grain 
boundaries (Fig. 7). 

The reason for the radical difference in micro- 
structure between a longitudinal (Fig. 5) and 
a cross section (Fig. 6) near the cutting edge 
is not apparent. The microstructure remote 
from the cutting edge of both longitudinal and 
cross sections resembled Fig. 6 except for an 
apparently slightly larger amount of retained 
austenite. This was verified by x-ray examina- 
tion, which showed 15% retained austenite near 
the cutting edge and 20% remote from the cut- 
ting edge. Is it possible that the honing and 
sharpening processes, repeated thousands of 
times during a century of use, were responsible 
for the transformation of some retained austen- 
ite? It does not seem possible that this differ- 
ence in the blade existed originally. 

With considerable trepidation, I would sub- 
mit that the excellent service this razor gave 
may be attributed, aside from proper sharpen- 
ing, to the fact that it was made of an unusually 
clean steel, hardened to over C-60, and with 
a microstructure of fine martensite plus tiny 
particles of excess carbide. The presence of 
most of the excess carbides in the grain bound- 
ary network should have contributed to in- 
creased wear resistance and thus may have 
been an important reason for the ability of this 
old-time razor to hold its edge. =] 


Fig. 7 — Distribution of Carbides 
in Razor. Etched electrolytically 
in 10% sodium cyanide; 1000 x 
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Flying workhorse airlifts 80-foot power tower 


Nickel in alloy steels gives ‘copter 
transmissions extra strength for the 
toughest jobs 


This Sikorsky S-58 is carrying a prefab- 
ricated tower to a power line construc- 
tion project near Lynchburg, Virginia. 
After setting the towers in place, the 
‘copter saves time and money by help- 
ing to string wire from tower to tower. 

Again, these flying workhorses prove 
they can handle the roughest assign- 
ments. But pilots don’t want superla- 
tives or guarantees. They want to know 
without doubt that critical parts will do 
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their job. That’s one big reason why 
nickel is alloyed into the S-58’s trans- 
mission shafts and gears. 


Nickel helps steel take the tremen- 
dous bending and twisting of a ’copter’s 
drive shaft under powerful shock loads 
and unusual conditions. 


Strength and toughness are only two 


properties that nickel imparts to alloys. 
It can help them withstand the intense 


heat generated by supersonic flight . . . 
or shrug off the intense cold of liquid 
helium. It also offers outstanding corro- 
sion resistance. 


When you have a metal problem, 
don’t hesitate to call us. Nickel or one 
of its alloys may provide the answer. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street seo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Designation c Mn 


Si or Ni 


Cr Vv Ww 


Water-Hardening Tool Steels(a) 


1.40(a) 
1.40(a) 
1.40(a) 
1.40(a) 
1.40\a) 
1.40(a) 
WT 0.60 to 1.40(a) 
Bl*. 0.50 oe 2.50 
BB. 0.50 oe one 
BB. 0.50 1.00 
0.50 0 oven 
Oil-Hardening Cold W ork Tool Steels 
0.90 1.00 0.50 sees 0.50 
0.90 1.60 oven 
OB. 145 ones 1.00 Si ve even 
1,20 0.75 1.75 


y Cold Work Tool Steels 


1,00 5.00 
1.00 2.00 1.00 
1.00 3.00 1.00 
0.70 2.00 1.00 ones 
2.25 5.25 4.50 
High-Carbon High- “Chromium Cold Work Steels 
DB (D) 1.50 12.00 
Te 2.25 1.00 Si 12.00 eres 1.00 
2.35 sees 12.00 4.00 eve 
Chromium Hot Work Tool Steels 
0.35 cove 5.00 0.40 
0.35 5.00 0.40 1.50 
0.35 5.00 1.60 
0.40 5.00 5.00 
HIG 0.55 eves 7.00 7.00 
Tungsten Hot Work Tool Steels 
0.35 2.00 9.00 
2 0.35 3.50 9.50 
22 0.35 2.00 11.00 
0.30 12.00 12.00 
0.45 3.00 15.00 
0.25 4.00 15.00 
0.50 4.00 1.00 18.00 
Molybdenum Hot Work Tool Steels 
0.65 4.00 1.00 1.50 
0.60 4.00 2.00 6.00 
0.55 ore 4.00 2.00 one 
Tungsten High Speed Tool Steels 
0.70 4.00 1.00 18.00 
0.85 4.00 2.00 18.00 
1.05 4.00 3.00 18.00 
0.75 4.00 1.00 18.00 
0.80 4.00 2.00 18.00 
0.75 4.00 2.00 14.00 
° 0.80 4.00 2.00 14.00 
T15(b) 1.50 ees oes 4.00 5.00 12.00 
Molybdenum High Speed Tool Steels 
0.80 sabe 4.00 1.00 1.50 
0.85 4.00 2.00 6.25 
Hd al 1.00 4.00 2.40 6.00 
1.30 4.00 4.00 5.50 
Me 0.80 4.00 1.50 4.00 
1.00 4.00 2.00 1.75 
M10*(b) ....... 0.85 4.00 2.00 
1.50 4.00 5.00 6.50 
Beer 0.80 4.00 1.25 2.00 
0.90 3.75 1.15 1.75 
M34 0.90 4.00 2.00 2.00 
Fe 0.80 4.00 2.00 6.00 
M3 0.80 4.00 2.00 6.00 
Low- Alloy Special- -Purpose Tool Steels 
eevee 0.50 to 1.10(a) 1.00 0.20 
1.00 1.50 0.20 
1.00 0.60 1.50 0.20 
1.00 1.00 1.00 
0.70 1.50 Ni 0.75 
1,00 0.35 1.40 
Carbon- -Tungsten Tool Steels 
1.25 3.50 
FS 1.25 0.75 3.50 
Low-C ‘arbon Mold Steels 
Pi 0.10 max 
0.07 max 0.50 Ni 1.25 
0.10 max 0.60 
0.07 max 5.00 
0.10 max 2.25 
0.10 3.50 Ni 1.50 0.20 
0.30 0.75 cues 
BPE cevecsevese 0.20 i 20 Al 4.00 Ni 
Other Alloy Tool Steels(d) 
0.55 0.80 0.25 Si 1.00 0.10 
0.55 0.75 0.25 Si, 1.00 0.10 opt 
1.00 Ni 
0.55 0.60 0.85 Si 1,00 0.10 opt 
1.80 Ni 
0.20 07 0.25 Si, ° 
3.00 Ni 
GEO iveveasnendc 0.55 1.00 1.00 Si, 0.50 0.10 
2.70 Ni 
0.50 1.50 Si 1.50 
0.40 0.35 4.25 Ni 1.50 
0.55 4.00 0.85 
6H2 0.55 0.40 1.10 Si 5.00 1.00 


A.1.8.1.-8.A.E, except for last group of steels. 

*Stocked in almost every warehousing district and made by the majority of tool steel producers. 

(a) Various carbon contents are available in 0.10% ranges. (b) Available as free-cutting grade 
with vanadium contents of 2.40 or 3.00%. (d) The designations of these steels are similar to those used in the 
1948 Metals Handbook, except they were previously written with Roman numerals (VI F2, etc.). Nei 
nor 8.A.E. has assigned type numbers to these steels. 
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Classification and Selection of Tool Steels 


Cutting tools are made from the high 
speed steels (the M and T grades) or 
carbides. Choice depends on uses and 
economics. 

Blanking and piercing dies are usually 
made of the Wl, Ol, A2, D2 and D4 
grades. However, when long runs (up to 
10,000,000 parts) are wanted, carbide dies 
are more economical. 

Press forming dies are often made of 
tool steels (A2, Ol or D2 types, generally) 
when long runs are desired or deep, 
angled parts are to be formed. Other- 
wise, plastic-metal, zinc or mild steel dies 
can be used. 

Deep drawing dies are usually made of 
W1, Ol, A2 or D2 tool steels. In forming 
large parts, cost of die material becomes 
a major factor. 

Coining dies, used in stamping em- 
bossed designs, are made from W1, Ol, 
A2 and D2 grades. Sintered carbide dies 
can be used provided they are properly 
supported. 

Cold extrusion tools require compres- 
sive strength. The most popular grade 
for dies is A2 for average runs and pres- 
sures. For steel and aluminum extrusion 
dies, D2 is preferred; W1 and O1 are also 
widely used for backward extrusions. 

Cold heading tools are most often made 
from W1 and W2 grades, though D2 and 
M2 can be used for inserts. Carbide in- 
serts are used if long runs are desired. 

Thread rolling dies need hardness, 
toughness and resistance to wear. Most 
commonly used is D2; A2 and M2 are 
alternates. 

Closed-die forging tools are generally 
prehardened die blocks made from steels 
such as 6G and 6F2. Hot work steels such 
as H1l, H12 and H26 are also used. 

Hot upset forging tools are generally 
made from 6G, 6F2 and 6H1, prehard- 
ened. H1l and H12 are also widely used. 

Hot extrusion tools, which must with- 
stand severe temperatures, pressures and 
wear, are made from the hot work steels, 
generally H11, H12, H13, H14 and H21. 

Tools for drawing wire, bar, and tubing 
are generally made with carbide or dia- 
mond (for small wires) inserts, though 
tool steels such as F2, M1, M2 and D2 are 
often used for special shapes. 

Material for shear blades is usually 
selected according to use temperature. 
For cold shearing, blades are made of A2 
or D2; S grades are employed for cutting 
heavier sheets and plates. Hot | work 
steels, such as H1ll, H12 and H1l3, are 
used for hot shearing. 

Rolls for the metalworking tadustey 
can be made of cast iron, cast or forged 
steel, or tungsten carbide (used for' roll- 
ing strip with a good finish). 

Permanent molds are usually made 
from gray iron, though A.I.S.I. 1020 and 
the hot work die steels (H12 or H14) 
may be substituted for long runs. 

Die-casting dies are made from hot 
work tool steels such as H1l. For zinc 
die castings, P4 and P20 can also be used. 

Plastic molds are made from prehard- 
ened steels (P20 or PPT), carburized 
steels (P1, P3, P6 or P20), through-hard- 
ening steels (such as A2 and H13), or 
beryllium copper, depending on the use. 

Materials for gages include carbon and 
low-alloy steels, tool steels such as A2, 
D2 and M2, and carbides. When neces- 
sary, gages may be carburized or nitrided. 

This table and summary of applications 
is abstracted from the “Tool Materials” 
section of the Metals Handbook, Vol. 1, 
1961 (p. 637 to 778). 
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Steelmaking 
sa" on the Move 


Oxygen in Steelmaking... 
Today and Tomorrow 


Since the importation of the basic oxygen converter from Austria 
a few years ago, the use of oxygen by this nation’s steelmakers 


By E. F. KURZINSKI* 


has nearly doubled. Today, oxygen is also being used 

in blast furnaces, open hearths, and electric furnaces 

to increase production capacities. With the development 

of several promising processes such as the oxygen-natural gas lance, 
tomorrow may see production rates far greater 


Liance-scaLe INDUSTRIAL USE of oxygen is 
relatively new. Though the first air separation 
plant to produce oxygen was erected as long 
ago as 1907, initial growth was slow, and in 
1910, total oxygen consumption was only about 
500,000 cu.ft. (In 1959, for comparison, steel- 
makers used about 90,000,000,000 cu.ft.) With 
the expansion in consumption, oxygen prices 
dropped from about $2.50 per 100 cu.ft. in 1910 
to about $0.05 per 100 cu.ft. today. 

The steel industry is a major consumer of 
oxygen. The gas goes into most of the standard 
iron and steel mill processes from the blast 
furnace on down. Since its proper application 
can result in much higher rates of production 
(and lower costs, as well), it seems certain that 
more and more oxygen will be used in the 
coming years. 


* Manager, Applied Research and Development, 
Air Products, Inc., Allentown, Pa. 
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than those of today. (D10, D-general; O) 


The curve shown in Fig. 1, which projects 
consumption to 1965, brings up two questions: 

1. Where does the steel industry use oxygen 
at the present time? 

2. Where will the steel industry use all this 
oxygen in the future? 


Some Recent Uses for Oxygen 


At present, most of the oxygen processes are 
in early stages of acceptance. The open-hearth 
and basic-oxygen furnaces, for example, are the 
most recent major consumers of oxygen. 

Added to open hearths through door lances, 
roof lances, and end burners, oxygen has played 
a prominent role in substantially increasing 
steel production rates (as high as 35% in some 
instances) from existing equipment. 

Today, almost every steel mill has at least 
one open hearth equipped with roof lances for 
introducing oxygen to shorten the refining pe- 
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Blast Furnace 


Hot Top Heating 


Electric 
Furnace 


Scarfing 


Where Oxygen Can Be Used in Steelmaking. 
In blast furnaces, open hearths, electric furnaces, 
and the several converter processes, oxygen is 
used to increase melting and refining rates. 
Oxygen is also used in tapping open hearths and 
electric furnaces, cleaning out ladle nozzles, heat- 
ing hot tops of ingot molds, and scarfing surface 
imperfections from slabs, blooms and_ billets 


riod. Several shops have all furnaces so 
equipped. 

Oxygen is usually added through two roof 
lances (generally located nearly opposite No. 2 
and No. 4 doors in a five-door open hearth). In 
such furnaces, between 450 and 700 cu.ft. of 
oxygen is consumed for each ton of steel. 

To shorten the meltdown period, a number 
of mills introduce oxygen into the open hearth 
through a separate tube set immediately below 
the stream of atomized fuel coming from the 


end burner. This technique produces a highly 
98 
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Fig. 1 — Past, Present and Future Consumption 
of Oxygen in Steelmaking. The upper curve 
represents an estimate of oxygen consumption 
if several processes now under development 
gain wide acceptance. Two of these are the 
oxy-fuel lance (used in both open hearth and 
basic converter), and blast furnace enrichment 


radiant zone on the underside of the flame, next 
to the charge and away from the refractory 
roof. Scrap melting is markedly accelerated. 


Basic-Oxygen Processes 


The major basic-oxygen processes, L-D, Kaldo 
and rotor, all have one thing in common. Es- 
sentially, pure oxygen is directed onto molten 
iron to burn out the carbon, silicon, manganese 
and other elements. All consume about 2000 
cu.ft. of oxygen per ton of steel. 

Of these, the L-D process has been most 
widely accepted here. In the United States, 
four steel mills now have plants with a total 
annual capacity of about 4,000,000 tons, and 
three more mills are installing L-D equipment. 
With experience, production rates, tap weights, 
and furnace sizes have increased. At present, 
L-D converters can produce steel at rates in 
excess of 100 tons per hr. for extended periods. 
In fact, furnaces which can produce up to 300 
tons will be in operation within the next two 
years. 

In contrast, growth of the Kaldo (Fig. 2) and 
rotor processes has been slower. Since 1956, 
a 30-ton Kaldo unit has been in operation at 
Domnarvet, Sweden, and a 110-ton Kaldo unit 
went into operation in Sollac, France, in March 
1960. Also, there are two 110-ton units at Con- 
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Fig. 2— Charging Hot Metal Into a Kaldo Unit 


sett, England, and two each at Oxelosund and 
Domnarvet in Sweden. As for rotor furnaces, 
the initial 66-ton unit installed at Oberhausen, 
Germany, has recently been joined by another 
110-ton unit. Two 110-ton units are at Pienne, 
Germany, four at Iscor, South Africa, and one 
at Scunthorpe, England. 

The nitrogen content and the physical prop- 
erties of basic-oxygen steels are comparable to 
those of the best open-hearth grades. Con- 
sidering the present intensive experimental 
work and the inherent advantages of the basic- 
oxygen processes, it seems that almost all grades 
of steels will eventually be produced by the 
basic-oxygen processes. 


Where Will Oxygen Be Used? 


Many existing processes — open hearth, for 
example — can use more oxygen. It is known, 
for instance, that carbon-reduction rates are 
essentially in direct proportion to oxygen- 
introduction rates. Thus, to double carbon- 
reduction rates it is only necessary to use twice 
as much oxygen. Then, steel production rises 
proportionally. 

This has been proved in actual practice in 
the L-D converter. In one installation, initial 
oxygen flow rates were about 3800 cu.ft. per 
min. to produce 54 tons of steel; the blowing 
time was 27 min. Today, the same vessel melts 
and refines 81 tons of steel with flow rates of 
7000 cu.ft. per min.; the blowing time is 20 min. 
Even these rates will be increased. Under con- 
sideration for new installations are oxygen 
blowing rates of 14,000 cu.ft. per min. and 
higher for L-D vessels. 

With the high production rates of the L-D 
converters as a goal, steelmakers are using more 
and more oxygen in open hearths. Both flow 
rate and total consumption are being markedly 
increased in an attempt to approach the per- 
formance of the L-D converter. Several mills 
are producing heats (on an experimental basis) 
with flow rates of 50,000 cu.ft. per hr. per lance 
and higher. Oxygen consumptions have been 
as high as 1400 cu.ft. per ton of steel. Using 
these oxygen practices, open hearths are pro- 
ducing steel two and three times faster than 
the same furnace can make it without oxygen. 

New oxygen-consuming processes are also 
under study. Such techniques as blast furnace 
enrichment, pre-refining for electric furnaces, 


JUNE 1961 


fluidizing, and the oxy-fuel process appear quite 
promising. 


Blast Furnace Enrichment 


Blast enrichment, for example, is relatively 
simple to apply. The oxygen is added to the 
inlet of the blast furnace blower. For the best 


performance, steam is also added with the mix- 
ture; this helps maintain thermal conditions op- 
posite the tuyeres essentially the same as they 
were prior to oxygen addition. The table below 
shows the results of programs in which oxygen 
and steam were used to enrich the blast of a 
furnace for 82 days on an experimental basis. 


OxYGEN INCREASE IN REDUCTION 
ENRICHMENT PRODUCTION IN COKE 
1.2% 6.3% 29 Ib./ton* 
1.5 9.2 66 
2.5 11.6 117 


It is expected that blast-furnace output will 
be further expanded by the simultaneous addi- 
tion of the oxygen and fuel, such as natural 
gas, to the furnace blast. Fuel gas will not only 
act as a coolant like steam, it will also provide 
more carbon. Then, less coke will be needed. 


Pre-Refining for Electric Furnaces 


For maximum economy in operation, the 
ideal steelmaking technique is one which can 
use effectively a wide range of scrap-to-hot 
metal ratios. This helps to take advantage of 
variations in the different charge materials. To 


*Reduction in coke used per ton of iron pro- 
duced. In actual production, similar results have 
been observed. Oxygen enrichments of 1.5 and 
2.0% have increased production of one furnace 7.0 
and 9.5%, respectively. Coke consumption with 
2.0% enrichment was reduced 25.5 Ib. per ton of 
iron produced. 


date, the electric furnace is essentially a user 
of scrap because large quantities of hot metal 
cannot be charged directly into it. Otherwise, 
difficulties would be encountered in flushing 
the resulting large volume of slag, and there 
would also be excessive generation of smoke, 
fume and flame in the subsequent refining 
period. 

Although some mills here have experimen- 
tally added blast furnace iron in the electric 
furnace, the major effort has been undertaken 
by Brymbo Steel Works Ltd., Wrexham, Eng- 
land. In this mill, blast furnace iron is pre- 
refined prior to charging into the electric fur- 
nace. Similar in shape to an electric furnace 
shell, the Brymbo refiner (see Fig. 3) has a 
hearth of magnesite brick and tar dolomite. 
The original equipment has been modified so 
that fumes are removed through the roof, a 
structure of high alumina content. Oxygen is 
added through two water-cooled lances (al- 
though, on occasion, they have been supple- 
mented with pipe lances through the door). 
Powdered lime or limestone is added along with 
the oxygen through the jets, lime consumption 
being about 112 Ib. per ton of iron. Effective- 


Fig. 3— The Refiner at the Brymbo Steel- 
works Ltd., Wrexham, England. This unit 
employs oxygen to pre-refine hot metal 
from the blast furnace; the resulting product 
is then further refined in an electric furnace 
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Oxygen and Lime 


Fig. 4—Schematic Drawing of Pre- 
Refining Operation Used at the Brymbo 
Steel Works, Ltd. Blast furnace iron is 
pre-refined (left) with oxygen and lime 
and then poured into electric furnace 


ness of the pre-refining treatment is demon- 
strated by the change in chemistry of the blast- 
furnace iron as shown by the following table: 


Biast FuRNACE PrE-REFINED 


ELEMENT IRON METAL 
Cc 4.30% 1.70 to 2.50% 
Si 0.70 Trace 
Mn 0.75 0.15 to 0.25 
S 0.05 0.04 
P 0.55 0.01 to 0.04 


In operation, enough pre-refined metal is 
poured into a 40-ton electric furnace to make 
up about 40% of the charge. This charge 
make-up is expected to permit production of 
up to 3600 tons per week with two electric 
furnaces. Figure 4 shows a schematic drawing 
of the process. 

There has also been considerable work on 
pre-refining of iron in the United States. Of 
the many usable techniques, ladle or converter 
pre-refining practices are probably the easiest 


to apply. 
Fluidization Has Advantages 

Fluidization, the conveyance of powdered 
materials in a gas stream, permits injection of 
a powdered material below the surface of a 
molten metal. When compared to bulk meth- 
ods, fluidization techniques (when properly ap- 
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plied) increase the efficiency of reactions, 
enhance uniformity in bath composition, and 
improve physical properties of the cast product. 

To a limited extent, fluidization has been ac- 
cepted by the steel industry. Injection of de- 
sulfurizing agents, such as calcium carbide and 
lime, into molten iron is a typical example, and 
the technique may also be used to produce 
leaded steels. Considering the present high 
labor and material costs, the necessity to im- 
prove quality and the accent on increasing 
output from existing equipment, uses for fluidi- 
zation are expected to expand. 

The OLP and similar processes are produc- 
tion examples of fluidization. Essentially, they 
are variations of the L-D method except that 
powdered lime is carried by the oxygen stream 
and injected into the molten bath. By using 
powdered lime, the L-D process can be ex- 
panded to process irons with above 0.50% P. 
Thus, the technique is very useful in Europe 
where much of the iron ore is high in phos- 
phorus. Though phosphorus is no problem in 
the United States, except in the southern states, 
lime injection is expected to increase reaction 
efficiency and simplify several steelmaking op- 
erations. For example, lime powder injection 
is now being investigated for electric-furnace 
practice — to form the second slag in electric 
furnaces in one instance. 


Oxy-Fuel Process for Steelmaking 


The speed of any steelmaking process largely 
depends upon how rapidly the charge can be 
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melted. This molten condition has been at- 
tained by electric power, combustion of gaseous 
and liquid fuels with air, or rapid oxidation of 
metalloids by oxygen or air. 

Recently, the combustion of large quantities 
of fuels (oil or natural gas, usually) with oxygen 
has received wide attention in the steel indus- 
try. One dramatic evidence of this is the appli- 
cation of oxy-fuel flames to the open hearth; 
another will be the use of such flames in 
converter-type vessels. 

At present, conventional open hearths are 
heated by fuels which are burned with pre- 
heated air, flame temperatures being around 
3500° F. Spurred by the production successes 
of the basic-oxygen processes, initial efforts 
toward increased open-hearth production rates 
were directed to expanding the use of oxygen. 
Results have been satisfactory to the point that 
emphasis is now aimed at increasing the heat 
input rates to open-hearth furnaces so that the 
total charging time can be markedly reduced. 
Here, oxy-fuel flames hold much promise in 
that they provide much higher temperatures — 
around 4500° F., in fact. 

For installation, oxy-fuel burners are posi- 
tioned in the open hearth roof as are roof lances 
for oxygen alone. These burners are identical 
to oxygen roof lances except that oxygen and 
natural gas can be mixed as desired. The same 
equipment can be used for combustion or injec- 
tion of oxygen. Early burners had a firing rate 
of 25,000,000 Btu. per hr. each, and recent de- 
signs are considerably more powerful, supplying 
up to 50,000,000 Btu. per hr. 

For a typical heat, the open hearth is charged, 
and the roof burners lowered into position. 
Next, the oxygen and natural gas mixture is 
ignited. Since the high-velocity flames impinge 
directly on the metal, heat transfer is enhanced. 
Once the scrap is heated sufficiently, the hot 
metal is charged, the natural gas is turned off, 
and the oxygen continued at higher flow rates 
than previously used. If it is desirable to in- 
crease heat pickup during the refining period 
without maintaining a high carbon-reduction 
rate, the natural gas can be turned on. 


Production Tests 


Actual tests with the process have been prom- 
ising. In a 220-ton open hearth, for example, 
steel production rates have been increased up 
to 300% over nonoxygen heats. Production 
rates of 55 to 65 tons per hr. have been obtained 
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with two oxy-fuel burners in the roof in a fur- 
nace which had normally produced about 20 
tons per hr. without oxygen. Oxygen con- 
sumption averages about 1750 cu.ft. per ton 
of steel. 

For some experiments, open hearths are now 
being modified with three and four burners in 
the roof, each burner having a capacity of 40,- 
000,000 Btu. per hr. With this setup, the con- 
ventional end burners (with their checkers for 
preheating air) may no longer be needed. If 
so, open hearths may be radically changed in 
design. 

Of course, a major bottleneck, the present 
limitation on the speed of charging and remov- 
ing steel from the furnace in operation, must 
be overcome. This problem may be simplified 
somewhat since the same steel output can be 
obtained from a smaller number of furnaces. 
This will reduce the congestion on the charging 
floor. Another problem is high roof tempera- 
tures; most open hearths which use oxygen 
need basic brick in the roof. 


Oxy-Fuel Lances for Converters 


The oxy-fuel process can also be applied to 
the basic-oxygen processes. The L-D process 
has its shortcoming in that only a limited 
amount of scrap can be charged — usually 
below 32% (though the amount depends upon 
the analysis of the hot metal). Since hot metal 
makes up most of the charge, the L-D process 
is at a disadvantage when the price of scrap is 
low. Introducing extra heat through the oxy- 
fuel jet will enable operators to use a wider 
variation of hot metal-scrap ratios, and, there- 
fore, the L-D converter will become more 
widely adaptable. At present, sufficient burner 
technology is known to exploit this method, 
but the emphasis on the open-hearth program 
has delayed field trials. 

In summary, the pressure towards higher 
production rates and lower costs in the steel 
industry is expected to increase the uses of 
oxygen far above their present rates. In fact, 
we now have enough information to indicate 
that it is technically possible to double steel 
production rates by merely using more and 
more oxygen in conventional steelmaking units, 
blast furnaces, open hearths, and electric fur- 
naces. Consequently, with added basic-oxygen 
converter capacity, this country is likely to 
produce almost all of its steel with the aid of 
oxygen processes. S 
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Tue sroap USE OF NEW HEAT-RESISTANT 
ALLoys has demanded sharper focus on the 
problem of protection during heat treatment 
and subsequent scale conditioning and removal. 
When heat treated, steels, and to a greater ex- 
tent the newer cobalt and nickel-base alloys, 
may form scale which resists removal by con- 
ventional acid pickling. Descaling often re- 
quires long pickling periods, inducing harmful 
effects such as intergranular attack, selective 
etching and excessive metal loss. 

To prevent surface oxidation during heat 
treatment, special facilities are being used of 
which molten salt baths, atmosphere and vac- 
uum furnaces are most prominent. Although 
these are highly effective for bright heat treat- 
ing steel and heat-resistant alloys, they are 
costly, require rigid process controls, and are 
only economical for high-production quantities. 
In the aircraft industry, high-production quan- 
tities are seldom experienced, and the purchase 
of special heat treating equipment is often not 
warranted. 

If this is true in your plant, you may want to 
consider protective coatings applied before heat 
treatment as one approach to the oxidation 
problem. At Boeing we have used them suc- 
cessfully on such parts as nozzle boxes of 
Hastelloy X for turbines, spars of precipitation 
hardening alloys, ducts of Type 321 stainless 
steel and on thin sheets for airframe skins. The 
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Surface Coatings Protect Parts 
During Heat Treatment 


Protective coatings applied to steel and superalloy parts 
before heat treating have proved effective in facilitating scale removal 

or preventing oxidation. Their use can result in economies 

in heat treating where production quantities are low 

but surface protection of parts is needed. (L-general, J-general; ST, SGA-h) 


By ETRIC L. STONE 
and LEOPOLD ALBERTIN* 


coatings, which decrease metal losses during 
pickling and make it easier to remove scale, 
can be classified as either scale conditioners, 
mechanically bonded protective coatings, or 
plated and diffusion coatings. The specific coat- 
ing selected for a given material is dependent 
on many factors. Certain alloys form peculiar 
chemical and physical types of scale which may 
be chemically resistant to pickling. Other al- 
loys contain phases from which scale is diffi- 
cult to remove. Consequently, they may suffer 
severe intergranular attack during long pickling 
periods. Generally, long exposure at high tem- 
perature will yield a tenacious scale, but other 
factors (notably of a metallurgical nature) can 
moderate this effect. Thus, a tempering scale 
on a hardened steel is more difficult to remove 
than a scale produced during austenitizing. 


Clean Surfaces Essential 


The most important requirement in protec- 
tive coating technology is cleanliness of the 
surface to which coatings are applied. The 
chemical and physical nature of a metallic sur- 
face has a very marked effect upon the quality 
of any coating — metallic, organic or inorganic 
— that may be used to protect it. Grease, oil, 
corrosion products, dirt, fingerprints or extrane- 

* Project Chief and Research Engineer, respec- 
tively, Metals Unit, Manufacturing Development 
Section, Boeing Airplane Co., Seattle, Wash. 
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ous material affects the adherence, continuity 
and general durability of a coating. In general, 
it may be said that the character of a coating is 
no better than the condition of the surface to 
which it is applied. 

Consequently, the production of heat treat 
coatings of high quality is dependent upon the 
proper and thorough pretreatment of the sur- 
face of the base metal. A somewhat higher 
order of cleanliness is required for surface areas 
to be plated than for those which are to be 
painted, dipped or sprayed. The cleaning proc- 
esses, however, are in most instances identical. 

There are two general steps in the prepara- 
tion of a metal surface for a heat treat coating. 
These have as objectives the removal of organic 
substances such as oil and grease and, secondly, 
inorganic materials such as scale, corrosion 
products, and mineral matter. In short, these 
steps are processes for degreasing and descal- 
ing, resulting in a clean surface for the applica- 
tion of coatings. 

There have been many developments in metal 
cleaning in recent years. New materials and 
methods have been offered for both degreasing 
and descaling. With the wider use of heat- 
resistant materials, special cleaning and surface 
conversion methods have been proposed and 
put into use. A great variety of practices are 
followed, the choice of procedures being deter- 
mined largely by the character of the metal 
treated and whether metallic, organic or in- 
organic heat treat coatings are to be used. Sev- 
eral coating methods as practiced at the Boeing 
Airplane Co. are discussed below in connection 
with the application of specific coatings for 
steels and heat-resistant materials. 


Scale Conditioners 


Scale conditioners are widely used in the air- 
craft industry because this is where most of 


the special steels and heat-resistant alloys are 
being used. Scale conditioning coatings help 
reduce the time required for pickling and, 
hence, inhibit excessive metal loss and inter- 
granular attack. Metal loss and intergranular 
attack become particularly important on thin 
sheets frequently used in airframe construction. 

New scale conditioning coatings and methods 
of application have been developed recently. 
Of these, two have been thoroughly tested at 
Boeing and have received considerable usage. 
These include the oxidation-inhibiting coatings 
consisting of silicone oil or grease, and a clay- 
suspension type. The former coating was de- 
veloped for stainless steels, but it may also be 
applied to other metals (although it has thus 
far been ineffective on titanium). The latter 
coating is predominantly used on nickel and 
cobalt-base alloys. 

Silicone coating compounds with a viscosity 
ranging from 20 to 60,000 centistokes have 
proved satisfactory but 50 centistokes is the 
optimum for coating applications. Any silicone 
fluid or grease is usable, but the dimethylsilox- 
ane polymer is the most readily available and 
effective. The dimethylsiloxane is brushed on 
in the heat treating shop or, for large sheets, a 
paint roller is most convenient for rapid appli- 
cation. The coating remains oily and cannot be 
scratched off. During heat treatment it de- 
composes and emits a fume. Silicone-coated 
parts can often be stacked together without 
greatly affecting the coating’s performance. 
However, with alloys yielding more difficult 
scales, maximum coating protection is obtained 
by freely suspending and separating the parts. 
Typical appearance of parts heat treated with 
and without a silicone oil coating is shown in 
Fig. 1. 

Pickling is carried out in an acid bath con- 
taining 15 to 35% HNOs, 1.5 to 8.0% HF, and 


Fig. 1 — Effectiveness of Silicone Coatings for In- condition; center: heated in air 30 min. at 1400° F.; 
hibiting Surface Oxidation of 17-7 PH Stainless Steel right: silicone-protected panel heated in air 30 min. 
Is Demonstrated by These Panels. Left: as-received at 1400° F. (residual powder has been removed) 
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Table I — Typical Descaling Times and Metal Losses for Clay-Coated Superalloys 


CLay RENE 41 } Haynes STELLITE 25 | X 
SUSPENSION 
Usep PickLe A* | PICKLE Bt | PickLe A | Pick.Le B | PickLe A PickLe B 
T T 
Time to Descale, Min./Metal Loss, Mils | 
Yes 2/0.3 6/0.2 | 45/0.7 70/0.6 | 15/0.4 40/0.3 
No 15/0.5 40/— | 45/0.8 110/t 135/— | 
Yes (§) | 8/0.5 40 /0.3 30-45/0.5 | 105/0.5 10/0.3 50/0.2 
. No 25-30 /0.7 30/0.4 | 45-75/0.7 | 115/0.6 180-240 /0.6 145/t 
‘ Yes (§) 16/0.5 40/0.3 | 30-45/0.6 90-105/0.5 | 10/0.2 | 60/0.2 
No 25-30 /0.8 30/0.6 45-75/0.8 | 115-130/0.8 | 120-240/0.7 | 145/t 
Yes (§) 16/0.6 40/0.3. | 30-45/0.6 | 105/0.7 15/0.3 | 60/0.2 
No 25-30/0.9 30/0.6 | 45-75/0.9 | 115/0.8 180-240 /0.8 | 145/t 


* Pickle A: 34% hydrofluoric, 5% nitric acid. 


tPickle B: 4% hydrofluoric, 20% nitric acid preceded by scale conditioning in an alkaline- 


permanganate solution. 
tIncomplete scale removal. 


§Two coats (total thickness: | mil). 


Table If — Comparison of Several Metal Spray Coatings 


Ease OF Hanpwzsst RESPONSE TO 
_| REsIsTANCE FINISHING BENDING 
+ 
Metcoweld H Excellent | $6.22 per sq.ft., Difficult but | Hard and Excellent 
3 mils thick cost not ductile 
prohibitive 


Thermospray 16 C Excellent | $6.64 per sq.ft., Difficult but | Hard and Excellent 


| 13 mils thick cost not ductile 
prohibitive 
Thermospray 43 C Good $3.30 per sq.ft., Easily ac- Hard but Adequate 
Thermospray 10! 5 mils and 8 complished friable 


mils, respectively 


water. When a silicone coating is applied to 
stainless steel before annealing, the total metal 
loss from heat treatment and descaling is about 
0.1 to 0.2 mil. After three annealings (applying 
a coating before each) total metal loss is about 
0.4 to 0.6 mil with only one descaling step 
required. 

Without a coating, the total metal loss is 0.5 
to 1.5 mils. During three annealing treatments 
(descaling after each), an uncoated surface will 
sustain a total loss of 1.5 to 4.5 mils. The use 
of the silicone coating during annealing reduces 
final pickling time to 4 to 10 min. (Usually, it 
takes up to 15 min. to remove the cumulative 
scale formed during three annealing treat- 
ments.) In general, pickling time on a coated 
material is about one fifth to one tenth of that 
for a noncoated material. 

By first dipping parts in an alkaline-perman- 
ganate scale conditioner, it is possible to remove 
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*Cost of minimum coating required to give adequate protection. 
tAll materials are harder than the mild steel base. All of the coatings can be repaired locally. 


cumulative scale formed during solution treat- 


ment and precipitation hardening from steels 
such as 17-7 PH and PH 15-7 Mo. This can be 
done with inhibited hydrochloric acid, a mild 
pickling treatment that appears to be a safe 
way of avoiding intergranular attack on certain 
sensitive alloys. 

Silicone coatings offer a number of cost- 
saving advantages to heat treaters. They can be 
applied in the heat treating shop, thus saving 
time. Coating thickness is not critical and pro- 
tection is achieved even with careless applica- 
tion. In addition, a very clean surface is re- 
quired only when a mild pickling solution such 
as inhibited hydrochloric acid is used. 


Clay Coatings for Superalloys 


Clay suspension coatings can be applied with 
success on many alloys but they are most effec- 
tive when used on nickel and cobalt-base super- 
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alloys. The coating is applied in a spray booth 
with adequate ventilation. Spraying is usually 
controlled so that a coating thickness of 0.2 to 
0.5 mil is obtained. When cured, the coating 
has a reasonable dry strength, but careful han- 
dling is necessary in transporting the parts to 
the furnace to prevent damage. The coating 
requires a very clean surface and should be 
uniformly applied. 

Typical descaling times and metal losses for 
three superalloys are shown in Table I. The 
data show that effectiveness of dry coatings 
varies with the alloy. For instance, without the 


Fig. 3— Ceramic Coating Applied to Ti- 
tanium Pressure Vessel Inhibits Contam- 
ination and Oxidation of the Metal Dur- 
ing Heat Treatment. Experience at Boeing 
Airplane Co. indicates that glass coatings, 
compared to paint and pop-off types, 
give the best protection against oxidation 


Fig. 2— Aluminum Oxide 
Coating (Thermospray 
101) Protected This Mild 
Steel Fixture Through 
10 to 15 Aging Cycles at 
1000° F. for 4-Hr. Pe- 
riods. No damage to the 
tooling was experienced 


coating it would be almost impossible to de- 
scale Hastelloy X. With René 41, it does not 
save pickling time, but it saves from 0.2 to 0.3 
mil of metal. 


Mechanically Bonded Coatings 


The method of application of a metallic or 
ceramic coating for metal protection at elevated 
temperature has a significant influence on its 
character. Thickness, uniformity, composition, 
density, continuity and adherence are affected 
by the coating process, and the quality of pro- 
tection and cost are related to the method of 
application and type of coating used. 

Mechanically bonded heat treat coatings are 
applied by hot dipping, brushing or metal spray- 
ing. Not all coatings are readily applied by all 
methods, but usually, for a given metal, one or 
more processes are equally practical and eco- 
nomically feasible. 

In the manufacturing sequence for titanium 
alloys elevated temperatures are frequently re- 
quired for forming and Heat treating. To reduce 
warpage during the thermal treatment, heat 
treating fixtures of heat-resistant alloys are em- 
ployed. Although special alloy tools could with- 
stand the elevated temperatures, they are costly 
and often difficult to obtain in quantity. As a 
substitute, mild steel is frequently used with 
an adequate coating to protect it from oxidation 
at elevated temperatures. Coatings of nickel- 
chromium-boron alloys (Metcoweld H or Ther- 
mospray 16C) and _ nickel-chromium alloy 
(Thermospray 43C) covered with a layer of 
aluminum oxide (Thermospray 101) will give 
adequate protection for mild steel aging fix- 
tures. For prototype quantities, aluminum 
oxide (Thermospray 101) (Continued on p. 124) 
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less Steels 


Heating Stainless Steel 


Today, most strip, sheet and plate of stainless steel is annealed 
in continuous furnaces. Many of the factors to be considered 


Flat Products 


By M. R. OGLE* 


in the production of flat products are discussed in this article. 


(J23, F23; SS, 4-53) 


Tue HEATING ASPECTS of the 
production of rolled sheet, plate and strip of 
stainless steel are certainly worthy of attention 
by manufacturers. Since there are many more 
producers of strip and strip products, we will 
cover that field first. To illustrate the great 
progress made in strip production, one need 
only consider what has happened within the 
past five years. During this period, lines as 
wide as 48 in. have become the rule rather than 
the exception. Furthermore, coils weighing 10 
tons or more are being processed. Speeds of 
from 120 to 150 ft. per min. are being built into 
lines, and a great range of bright annealed 
material is available. 

Surprisingly, much of this progress has come 
in spite of — or perhaps because of — wide dis- 
agreements among metallurgists. They are far 
from complete agreement as to what constitutes 
ideal processing conditions. Some of the points 
upon which they disagree are: The tempera- 
ture head that can be allowed when processing 
either nickel-chromium or straight chromium 
alloys; atmospheric conditions in the annealing 
furnace that will produce a scale most readily 
removed in subsequent cleaning operations; 
time at which strip must be held at final temper- 
ature or soaked; quenching procedures and 
media; and arrangements of pickling tanks and 
concentrations of acids. Since most of these fac- 
tors have to be considered when designing new 
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processing equipment, these differences of opin- 
ion have led to over-all technological improve- 
ment in the industry, thus contributing to the 
rapid growth we have witnessed. 

In practice, a modern mill employs separate 
lines for processing hot rolled and cold rolled 
products, a procedure dictated more by the 
cleaning operations than by the annealing re- 
quirements. Basically, an annealing and pick- 
ling line consists of uncoiling equipment, a 
welder for joining strip, annealing furnaces, 
quench facilities, various cleaning units (such 
as shot-blast, caustic descaling and pickling), 
rinse and re-coiling equipment. 


Facilities for Hot Rolling 


Though hot strip of the austenitic grades is 
processed directly through the anneal and 
pickle line (after being formed on the coil 
preparation line), the straight chromium stain- 
less types also require an annealing operation 
which incorporates a definite soaking period. 
This annealing cycle makes a batch operation 
practically mandatory; thus, the built-up coil 
is usually annealed in a bell or cover-type fur- 
nace. Figure | illustrates a typical installation 
for annealing coils. 

Following the batch anneal, stainless steel of 
the straight chromium type is passed through 
the anneal and pickle line to be cleaned; this 
~ *Drever Co., Bethayres, Pa. 
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operation is done only prior to cold rolling, 
the annealing furnace being bypassed. 

Strip in the form of hot bands is delivered 
to the entry end of a hot line which services 
from one to three cold annealing and pickling 
lines. The product mix of the individual pro- 
ducer determines the line arrangement that will 
be most suitable for his requirements. 

The strip is shot-blasted and pickled in acid 
to loosen and remove the scale. This, inciden- 
tally, is the most satisfactory method for re- 
moving scale from relatively heavy, hot rolled 
strip. Shot-blasting is rapid and the detrimen- 
tal effects of shot on the smoothness of the strip 
surface can be removed by cold rolling. 


Facilities for Cold Rolling 


All cold rolled stainless strip is delivered to 
the entry end of the line in gages generally 
ranging from 0.080 to 0.125 in., the thickness 
depending on the gage of the hot band and re- 
duction to be performed by the cold rolling 
facilities of the individual mills. Strip of both 
the 300 and 400 types of stainless steel is an- 
nealed and pickled in the line, although the 400 


Fig. 1—A Typical Setup for Annealing 
Coils. Though the inner covers can be used 
for heating and coiling coils in protective 
atmospheres, they are generally not needed 


series material bypasses the caustic descaling 
bath. 

For heating the strip, two separate units, a 
preheat furnace and an equalizing furnace, are 
installed in tandem. These furnaces are de- 
signed to heat the strip rapidly to a certain 
level in the preheat furnace; heating is then 
completed in the equalizing furnace in which 
the controls are set more closely to the desired 
temperature. To obtain maximum benefit from 
the installed equipment, it is extremely impor- 
tant to design both furnaces properly. Careful 
attention must be given to the distribution of 
heat input, temperaure control zoning, furnace 
openings and flues for products of combustion. 

Furnaces are fitted with soft rolls formed of 
compressed asbestos disks which support the 
strip at the entry and exit ends and between the 
furnaces. These rolls prevent the scratching 
and marking that would otherwise have to be 
removed later by expensive polishing opera- 


Fig. 2—Continuous An- 
nealing and _ Descaling 
Line for Stainless Steel 
Strip. Shown on top are 
rolls formed from disks 
of asbestos; they convey 
strip over the top to by- 
pass the furnace when 
annealing is not needed 
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tions. Such asbestos disk rollers are used for 
bypassing strip above the furnace as shown by 
Fig. 2. 


Setup for Bright Annealing 


Much stainless strip has been bright annealed 
for a number of years. However, lines for 
bright annealing have been relatively low in 
capacity in comparison with production of the 
conventional annealing and _ pickling lines. 
Most installations have been of the horizontal 
type, the furnaces being equipped with muffles 
of heat resistant alloy. Such furnaces are fuel- 
fired or electrically heated, and are designed for 
use with protective atmospheres. The protec- 
tive atmosphere is either hydrogen (purified and 
dried) or dissociated ammonia, and strip is pro- 
tected by this atmosphere from the moment it 
reaches the entry seal at the front of the purge 
chamber until it passes through the exit seal of 
the cooling chamber. 

Lately, the vertical furnace has been receiv- 
ing attention as a method for overcoming the 
marring and marking of the strip which can 


Testing Ceramic-Metal Brazes 


The results of preliminary tensile and shear tests of 


occur as it passes over idler rolls or carbon 
grids in the horizontal furnace. In the vertical 
furnace, contact of the heated strip with any 
surface is minimized or eliminated. However, 
the vertical furnace arrangement introduces a 
height problem. To reduce height, in fact, re- 
circulating atmosphere coolers are employed to 
lessen the time required to cool the strip. The 
vertical arrangement also introduces mechani- 
cal problems such as means of supporting the 
suspended weight of the muffle, access to the 
heating chamber for maintenance and the like. 


A Typical Vertical Furnace 


In one furnace of the vertical type, a refrac- 
tory lining is used in place of the alloy muffle. 
Resistance heating elements formed of molyb- 
denum rod are suspended from the inner re- 
fractory wall surfaces, the strip being heated by 
direct radiation. 

This design concept solves some problems 
and introduces others. For example, there is 


no muffle; this eliminates a relatively costly 
maintenance item 


(Continued on p. 131-B) 


By J. PATRICK STERRY* 


ceramic-metal brazes show that the technique has a good potential 
for critical missile structures such as radomes. However, 
much work remains to be done before the method can achieve status 


BRaziNG has just recently 
received renewed attention because of the an- 
ticipated use of ceramics in missiles. Because of 
the tremendous temperatures encountered in ad- 
vanced missile systems, ceramics are now being 
considered for many critical items (radomes and 
nose cones, for example) despite their inherent 
brittleness. As of today, the ceramic in most 
common use is aluminum oxide, but many 
others are also under investigation. Among 
them are glasses such as the calcium aluminates 
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as a standard practice. (K11b, K8, Q27, Q2) 


and the germinates, single crystals such as sap- 
phire, silicon and periclase, and miscellaneous 
materials such as silicon carbide, beryllium 
oxide, zirconium oxide, phosphate-bonded com- 
posites, hafnium oxide, and thorium oxide. 
However, without exception, all of these ma- 
terials have a high elastic modulus, low tensile 


*Manager, Materials Research Div., H. I. 
Thompson Fiber Glass Co., Los Angeles. This 
work was rformed at Boeing Airplane Co., 
Seattle, Wash. 
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Coefficient of Thermal Expansion, tn. per In. per 


6 Al, 4 V titanium Sterling silver | Argon 
Cu-Ageutectic, Vacuum 
0.5% Ti molybdenum | Sterling silver Argon 
René 41 | Sterling silver | Vacuum 
(0.002-in. foil) | 
| Cu-Ag eutectic Vacuum 
PH 15-7 Mo | Sterling silver Vacuum 


Armco RH 950 (0.003-in. foil) 


Table I — Properties of Alumina-Metal Brazed Joints 


10,400 


STRENGTHT 
TENSILE SHEAR 
3700 (a) 10,900 (6) 
9400 
21,600 
2500 


20,300 
4300 
| 


*Argon atmosphere was gasified liquid argon and vacuums were 10-' mm. Hg 


or less. 
tAt room temperature. 
(a) 3500 psi. at 850° F. 


and shear strength, a high compressive strength 
and low thermal expansion. It is easy to see 
that the problem of attaching them to materials 
with dissimilar physical and mechanical prop- 
erties is a difficult one to solve. Any bond which 
can be used will, of necessity, have to respond 
to the characteristics of both the coating and the 
base metal. 


Fig. 1— Thermal Expansion Character- 
istics of Representative Metals and Cer- 
amics. Titanium alloy, 6 Al, 4 V, was 
used in early experiments because its ex- 
pansion compares closely to that of AlgOs 


Inconel 


200 400 600 800 1000 1200 1400 1600 1800. 


Temperature, °F. 4 


(6) 6500 psi. at 850° F.; 6600 psi. at 1000° F. 


At Boeing, three bonding processes have been 
considered for high-temperature bonded joints; 
these are the molybdenum-manganese process, 
the active metal process, and the ceramic ad- 
hesive process. Since the last method is not ad- 
vanced enough to provide shear strengths 
greater than 2000 psi. at room temperature, it 
will not be discussed. 

The molybdenum-manganese process re- 
quires the highest firing temperature and will, 
therefore, have the greatest high-temperature 
strength. A thin, finely ground suspension of 
a molybdenum-manganese mixture is fired on 
the ceramic in a hydrogen atmosphere at 2300 
to 2700°F. Then a coating of nickel is de- 
posited on the ceramic, usually by reducing 
nickel oxide in hydrogen. Finally, the ceramic 
and metal are brazed together. 

In the active metal process, a braze contain- 
ing an active metal (titanium or zirconium) is 
placed on or between the ceramic and metal 
and the assembly is fired. The braze reacts 
with the metal, and the active metal induces 
a reaction with the ceramic resulting in a 
ceramic-to-braze-to-metal bond. 

In all bonding processes the thermal expan- 
sion match between the ceramic and metal is 
critical because large stresses can arise from 
mismatches especially for large components 
such as radomes. Figure 1 shows the thermal 
expansion of a number of metals to which cer- 
amics might be attached. Alumina, which is 
typical of ceramics in its low expansion, has a 
thermal expansion between that of 6 Al, 4V 
titanium and Kovar (29 Ni, 17 Co, 53 Fe). 

In any ceramic-metal joint intended for use 
at elevated temperatures, the stresses resulting 
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from the inevitable mismatch in expansion must 
be analyzed. Also, the type of stress (whether 
compression or tension) must be considered. 
Other important factors are the reactivity and 
its temperature dependance between the ce- 
ramic, the metal and the braze materials. For 
large components in particular, it is desirable 
to keep the braze temperature compatible with 
the metal’s heat treat temperatures, the ceram- 
ic’s softening point and the furnace capability. 


Experimental Program 


About two years ago, engineers at Boeing 
began to collect data on properties of ceramic- 
metal brazes. Of prime consideration were ten- 
sile and compressive shear strength at various 
temperatures, along with processing data. 

The first ceramic-metal brazes to be consid- 
ered were those of alumina and 6 Al, 4 V tita- 
nium. (As Fig. 1 shows, this alloy has a ther- 
mal expansion comparable to that of alumina, 
a definite advantage.) In the two types of speci- 
mens (tensile and shear —both as shown in 
Fig. 2), the copper-silver eutectic (Handy & 
Harman Braze BT VTG which melts at 780° C. 
or 1430° F.) gave the most consistent results with 
a 3 to 6 min. soak at 820 to 840°C. (1500 to 
15&0° F.). 


To provide the active metal, titanium hydride 


Fig. 2— One Tensile Specimen Is Shown With 
Three Shear Specimens in This Photo. In the 
shear specimens, alumina cubes are placed be- 
tween metal blocks. The tenside test con- 
sists of an alumina sliver and two metal rods 


powder (—325 mesh) was sprinkled on the ce- 
ramic. The sterling silver braze (Handy & Har- 
man Sterling Silver VTG which begins melting 
at 890°C. or 1630°F.) gave the best results 
with a 3 to 5 min. soak at 960 to 1000° C. (1760 
to 1830° F.). Because microcracks appeared in 
the ceramic, many specimens had to be 
scrapped; this defect can be attributed to ex- 
pansion mismatch. 

In addition to those listed in Table I, many 
other ceramics and metal alloys have been suc- 
cessfully brazed. Tungsten, for instance, has 
been brazed to graphite and silicon carbide; 
molybdenum (0.5% Ti), columbium and tanta- 
lum to hafnium oxide, and a hafnia-yttrium 
oxide mixture; and columbium-tantalum alloy 
to zirconium boride. 


Some Conclusions 


As evidenced by the joint tests and braze 
strength determinations, ceramic-metal brazed 
joints are promising means for attaching ce- 
ramic components in missile structures. How- 
ever, considerable experimental and analytical 
work will be necessary before this technique 
can be extensively used. 

Jigging techniques and atmosphere furnaces 
must improve, particularly for large and refrac- 
tory ceramic components such as radomes. Also 
required is additional information about the 
reactions of brazes with polycrystalline ceram- 
ics. However, when the many problems are 
solved, it seems likely that ceramic-metal brazes 
will see wide usage. i) 
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Short Runs 


New Shot-blasting Unit 
Yields Low Cleaning Costs 


By nertacinc two 7-cu.ft. shot-blasting 
barrels with a single 15-cu.ft. unit, production 
men at the Universal Joint Div., Rockwell- 
Standard Corp., in Allegan, Mich., have cut 
labor costs about $500 per week, eliminated 72 
hr. of overtime, saved on maintenance expenses, 
and improved cleaning. 

In producing universal joints of various sizes 
and types, the division starts with steel forgings, 
bar stock, and castings and stampings. Almost 
all of the parts going into the universal joints 
must be shot-blasted before machining and 
assembly to remove forging and heat treating 
scale, rust and minor burrs. This job is mow 
done by a heavy-duty unit made by Pangborn 
Corp., Hagerstown, Md. 

Although the original barrels were operated 
three shifts a day, seven days a week, they had 
difficulty keeping up with production require- 
ments. The 15-cu.ft. barrel (Fig. 1) completes 
the work in two shifts each day and eliminates 
all Saturday and Sunday work. 

Another advantage is that only one operator 
per shift is now required. Besides handling the 
blast cleaning machine, he also operates a fork 
truck, moving work to the automatic loader 
(Fig. 2). (This formerly required an extra man 
working on a half-time basis.) In a 16-hr. day 
the new barrel cleans 60 to 80 tons of work, but 


Fig. 1—Cost of Shot-Blasting Parts for 
Universal Joints Was Cut by More Than 
$500 a Week in This New Unit Installed 
at Universal Joint Div. of Rockwell-Stand- 
ard Corp. in Allegan, Mich. The unit can 
clean loads of 4000 lb. in about 6 min. 


it is capable of handling 100 tons a day. Total 
savings in labor have amounted to 100 man- 
hours during the regular week in addition to 
overtime during week-end shifts. 

In the new equipment, power is supplied by a 
30-hp. vaned centrifugal wheel, capable of 
throwing 25 tons of metallic shot or grit per 
hour. Most loads (ranging from 2000 to 4000 
lb.) are cleaned in a 6-min. cycle. A few loads 
— if wet or coated with oil — may take 7 min. 
Previous equipment, handling smaller loads, re- 
quired 15 min. or longer for satisfactory 
cleaning. 


Fig. 2— Loading of Shot- 
Blasting Unit Is Done Au- 
tomatically. One man op- 
erates the equipment 
and takes care of all ma- 
terials to and from the area 
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finishing 


Even the most expensive materials and the finest finishing processes 
can produce costly rejects if “bargain” compounds have failed to do 
their job. A finish can be no better than its surface preparation. 


Northwest's Cleaning Specialists offer a complete line of top quality 
products for every “surface readying” requirement, on every type of 
material. These products have proved their dependability over years 
of rugged production use in the country’s finest finishing operations. 


Northwest's continuing research and development program keeps our 
products well ahead of industry's constantly changing requirements. 
Our fine staff of thoroughly experienced Cleaning Specialists will 
gladly help you work out the best surface preparation for your prod- 
uct and “stand by”’ to help you keep it functioning at top efficiency. 


Why not save time and rejects by using Northwest's dependable 
products and services. 


Alert Supply Co., Los Angeles, California 
Armalite Company, Ltd., Toronto, Canada 


Licensed Manufacturers: 


NORTHWEST CHEMICAL COMPANY 


9310 ROSELAWN e DETROIT 4, MICHIGAN 
CHEMICAL PRODUCTS DIVISION © CHEMETRON CORPORATION 


Circle 2173 on Page 48-B 
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Plating From Liquid 
Metal Solutions 


PASADENA, CALIF. 


Metals can be plated by a number 
of methods such as electroplating 
from water and salt solution, vapor 
deposition, flame spraying, dipping 
into a molten metal bath, and im- 
mersion plating. To these, a new 
one can be added — plating from 
liquid metal solutions. 

While investigating the corrosion 
of metals by molten lithium in 1951, 
we noted that nickel had the ability 
to go into solution in the lithium 
and then plate out on other metals. 
To test this phenomenon, small 
pieces of Monel, nickel, Nichrome 
V, titanium, Type 347 stainless, 
Type 416 stainless and A.1.S.I. 4130 
steel were placed in a cup of 
A.LS.I. 1042 steel. Next, the cup 
was filled with molten lithium and 
placed in an electric resistance fur- 
nace where it was kept at 900° F. 
for 72 hr. (under helium at 200 to 
300 psi.) and cooled in the furnace. 
Microscopic examination of the 
specimens showed that the ferritic 
steels, A.I.S.I. 1042 and 4130 and 
Type 416, were plated with a thin 
adherent coat which appeared to be 
nickel. The A.I.S.I. 1042 steel was 
decarburized under the plating, but 
no attack was noted on A.I1.S.I. 4130 
and Type 416. Nichrome V, titanium 
and Type 347 were not corroded or 
plated. Monel and nickel were 
attacked; a large part of the Monel 
had dissolved. 


In another test, a nickel cup (con- 
taining a nickel rod and a specimen 
of A.LS.I. 1042 steel) was filled 
with lithium and held at 900° F. for 
72 hr. under an atmosphere of heli- 
um. The nickel specimen showed a 
loss of weight, and the specimen of 
A.LS.I. 1042 gained in weight. The 
nickel dissolved in the lithium, some 
of it depositing on the steel. A 
similar test at 600 to 700° F. in the 
same furnace resulted in a much 
thinner deposit on the steel. 

Other metals can also be plated 
from liquid ~metal solutions. 
Chromium, for example, can be 
plated on molybdenum from a liquid 
solution in tin or copper and nickel 
can be plated on chromium from a 
liquid solution in lead. 

Gerrit DEVRIES, 


Metallurgist 
U.S. Naval Ordnance Test Station 


Power From Gas-Cooled 


Reactors 
San Ramon, CALIF. 
In reviewing the article “Power 
From Gas-Cooled Reactors” in the 
April 1960 issue of Metal Progress, 
we came across some statements 
which, we feel, need amplification. 
For example, on p. 126 where the 
use of nitrogen as a coolant is dis- 
cussed, it is pointed out that the 
reactor effluent conditions are 200 
psi. and 1200° F. These numbers 
are correct; however, these values 
do not, as was stated, represent 
“relatively mild conditions” for a 


reactor system. No other power re- 
actor currently in operation achieves 
outlet coolant temperatures in the 
range of 1200° F. which, in our de- 
sign, represents a hot spot tempera- 
ture of 1650° F. in the fuel element. 
Also, in contrast to aircraft turbine 
technology, our design contemplates 
such operation for several thousands 
of hours. 

In the next to last paragraph on 
p- 126 “a really complicated fuel 
element” is described. This unit 
has been satisfactorily fabricated and 
operated at rated power in the test 
reactor at the A.E.C.’s GCRE facility 
in Idaho for about 300 hr. Perhaps 
the design would seem less compli- 
cated if it were pointed out that the 
fuel bearing “pipes” are in reality 
curved plates, each made up of three 
120° segmented cylinders. Each 
plate is 0.040-in. thick, and the sec- 
tions are joined with precision- 
machined, clip-like spacers (not 
“knobby spacers”) which also posi- 
tion the plates to establish coolant- 
gap spacings. 

The “thin wall of insulation”, 
which prevents the escape of useful 
thermal energy to the moderator 
water, has been demonstrated to be 
90% effective. Coolant gas flows 
downward through the fuel elements 
(not upward as the description in- 
dicates), and passes through the 
annular gaps provided between the 
fuel cylinders. There is no gas flow 
outside the outer cylinder or inside 
the inner cylinder, and the reactor 
is moderated with light-water, as op- 
posed to the heavy-water system 
described in the article. In addition, 
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A New York hospital 
Equipment by 

S. BLICKMAN, INC. 
Weehawken, N. J. 


go first Class 


go stainless 


There are two requirements for a top-notch lifetime stainless steel—the smoothest, easiest 
food preparation area: (1) Equipment of to clean and most bacteria and vermin resist- 
good design that eliminates places for bac- ing material you can buy. It’s a better prod- 
teria to collect; and (2) Equipment made of uct if it’s made of stainless! 


WASHINGTON STEEL CORPORATION > \ 
and. CotorRotd” spies) 
PRODUCERS OF stainress SHEET & STRIP 


WASHINGTON, PA, 
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Time-tested equipment. . . 
plus progressive engineering . . . to meet 
your heat-treating requirements 


Progressive things are happening at Hones to bring to- 
gether the experience of years in industrial heating 
equipment and the forward-looking concepts of modern 
engineering skills. The time-tested ‘“‘Buzzer’’ line needs 
no blowers, power or other auxiliary equipment to effect 
combustion; simply connects to the available gas supply. 


CHARLES A. 


Files Up 
To Date? 

INC. 
fe 


123 S. Grand Ave., Baldwin, L.1., N.Y. 


Ring & Pipe B 
<=. g & Pipe Burners 


Melting Furnaces Venturi Air Mixers Soldering “Furnaces 


MANUFACTURERS OF “BUZZER” EQUIPMENT FOR 
HEAT TREATING - MELTING - SOLDERING... SINCE 1911 
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Letters... 


the moderator does not come in 
contact with the zirconium sheath of 
the fuel element; instead, the fuel 
elements are inserted inside the 
stainless steel tubes of the pressure 
vessel calandria which, in turn, is 
submerged in the moderator. 
C. W. Funk 


Head, Fuel Fabrication Dev. Div. 
Aerojet-General Nucleonics 


More on Soldering 
Fluxes 


PouGHKEEpPsIE, N.Y. 


In the article “In Solder, Flux 
Makes the Difference” (Metal 
Progress, April 1961, p. 111), I 
agree wholeheartedly with Mr. 
Keller on the important role of fluxes 
in soldering. It is also true that pro- 
prietary fluxes meeting government 
specifications are not necessarily 
equal in their fluxing properties. 
This brings out an inherent danger 
in buying fluxes by trade name 
rather than by chemical composition. 

By no means do I advocate the 
disclosure of proprietary formula- 
tions to the flux consumer. On the 
other hand, a minimum amount of 
information could be supplied on the 
label to aid engineers in selection of 
fluxes. For rosin-base fluxes, for 
instance, this should include such 
items as grade and percent of rosin, 
the vehicle or plasticizer, and the 
type of activator or per cent of 
bound halides. 

This information is important in 
one essential respect: the corrosivity 
of the flux, and its residues. To be 
chemically effective, every flux has 
to be corrosive to some degree, 
otherwise it will be incapable of 
tarnish removal from the surfaces to 
be bonded. The problem, therefore, 
is reduced to the question of how 
dangerous the flux residues are to 
the assembly from the point of view 
of corrosion and current leakage. In 
this respect, the information I sug- 
gest would help to establish ade- 
quate cleaning procedures, should 
they become necessary. 


H. MAnKo 
Senior Associate Metallurgist 
Data Systems Div. 
International Business Machines Corp. 
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ELEMENT 


At the flip of a switch you can heat... soak... 
and cool at a preset rate for a preset time with 
L&N’s improved cam type program control! 
Whether your program is linear or non-linear, 
this control will continuously regulate input to 
reproduce your cycle... again and again. 

Heart of the system is the program unit. 
Essentially it’s a motor-operated cam and a con- 
trol slidewire. The cam is calibrated . . . making 
it extremely easy to lay out and cut to any time- 
temperature cycle. Changing a cam to meet a 
new program takes only a minute. For additional 
flexibility, the unit has seven standard speeds... 
permitting a multiple number of programs. 

Other elements in the control system include a 
primary element, a Speedomax® recorder and as- 
sociated control relay, and a final control device. 


Reproduce your time-temperature cycles exactly 
with L&N cam-type program control 


FINAL 
contror 
DEVICE 


Any change detected by the primary element and 
measured by the recorder is checked by the pro- 
gram unit, which regulates the final control de- 
vice to keep the process on cycle. 

Also available is a motor-operated front set- 
ter type of program control. Recommended for 
linear programs only, this system offers great 
flexibility within the range selected. 

Both types are available for Two-Position or 
proportioning control . . . will regulate input to 
electric or fuel-fired furnaces. 

Can your process benefit from programmed 
heating and cooling? If so, it'll pay you to in- 
vestigate LEN program control. For more infor- 
mation, call your nearest L&N office, or write 
4927 Stenton Ave., Philadelphia 44, Pa. Ask for 
Data Sheet ND46-83(4). 


Automatic Controls « Furnoces 


LEEDS NORTHRUP 
Instruments 
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SHALLOW 
Measurements 
ACCURATELY 


Wilson Rockwell Superficial 
Hardness Tester 


e Wilson Rockwell Superficial hardness testers are used to measure 
surface hardness, coatings, thin metal or thin hard cases. The hardness 
test is based on a penetration of less than .005”, and Wilson Superficial 
testers have the precision and ease of operation to give accurate readings 
every time. 


Accurate—Precision-built for consistently correct results. Knife-edge bearings 
provide near-frictionless operation. 


Easy to operate— Controls conveniently grouped —oil dash-pot system provides 
‘smooth load application. 


Long lasting—Simple design, rugged construction make Wilson Superficial test- 
ers.as durable as a machine tool. 


Complete line available —Wilson Rockwell hardness testers and accessories 
are available in a wide variety for every hardness testing function. 


Write for details —Ask for Cat- 


Wilson "Brale” Di d Penetrators 
alog RT-58. It gives complete ‘ej 


Each diamond is cut to an exact 


shape. A comparator check and informationon the Superficial 
microscopic inspection of each tester as well as on the full memes 
. diamond assure perfect readings line of Wilson Rockwell ae | 
every time. hardness testers. 


WILSON 
HARDNESS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York = 
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Age Hardening and 
Nitriding Ni-Al Steels 


Corva..is, Ore. 

In his comments in the August 
1960 issue of Metal Progress on 
“The Earliest Days of Precipitation 
Hardening”, by W. A. Mudge (April 
1960, p. 79), Francis B. Foley men- 
tions his U.S. patent No. 1,943,595, 
applied for on Sept. 26, 1931 and 
issued on Jan. 16, 1934. It is en- 
titled “Hardened Alloy Steel and 
Process of Hardening Same” and 
concerns aging of Ni-Al steel com- 
binations. However, Mr. Foley 
overlooked my French patent on 
the same subject, No. 744,572, ap- 
plied for on Nov. 4, 1931 and 
issued on April 24, 1933. 

As for ammonia nitriding such 
Ni-Al steels while or after aging 
them*, this is described in my 1936 
German patent No. 637,125. The 
general nitriding idea was already 
expressed in my British patent No. 
370,033 in 1930 concerning age- 
hardenable Ni-Be steels. I did not 
extend it to the age-hardenable Ni-Ti 
steels, described in my British 
patent No. 352,964 in 1929 since 
industry was not interested at the 
time. In 1939 I made some light 
armour plates of the better Ni-Ti 
steels, which were nitrided and 
tested ballistically by the Fabrique 
Nationale d’Armes de Guerre in 
Herstal, Belgium, with encouraging 
results, but our armed services did 
not investigate this matter. 


W. J. 
Consulting Metallurgist 


*See “A Nitriding Steel That Age 
Hardens”, by W. S. Mounce and A. J. 
Miller, Metal Progress, February 
1960, p. 91. 


Ultrasonics . . . 


(Continued from p. 92) 


size from 6 in. to as large as 60 in. 
in diameter, some of these forg- 
ings weigh as much as 100 tons. 
Yet, segregations of nonmetallic in- 
clusions of almost microscopic size, 
individual inclusions with reflecting 
areas of about 0.003 sq. in., thermal 
ruptures, forging bursts, pipe, shrink- 
age, and porosity have been detected 
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WIEDEMANN-BALDWIN HV 
A NEW 
low cost universal testing machine 


The new Wiedemann-Baldwin HV Testing Machine meets, or exceeds, 
any competitive features of comparable units. It offers low cost testing with- 
out sacrificing quality and accuracy standards. 

Its application is widespread. The compact, rugged construction, con- 
venient work space, optimum operating speeds, simplicity of controls, single 
scale range exposure, and positive protection from accidental overstroke and 
overload make it ideal for routine industrial production and acceptance tests 
as well as for instruction and demonstration tests in educational institutions. 

In addition to the above features the HV Machine includes the refine- 
ments of control sensitivity, dial readability, and performance accuracy of 
the more expensive machines and therefore meets the requirements of many 
Research and Development programs. 

Furthermore, the value of this machine for R & D work and for the 
more precise production-control tests is enhanced by the fact that the exten- 
sive line of Wiedemann autographic recorder equipment, specimen handling 
devices, and testing speed control apparatus can be used without modifica- 
tion. 

A new booklet describing the many advantages of the new low cost 
Wiedemann-Baldwin HV is now available. We invite you to write for your 
copy today. 


“BALDWIN. 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD + KING OF PRUSSIA, PENNSYLVANIA 


Sales Offices: Mount Vernon, N. Y.; Silver Spring, Md.; Pittsburgh, Chicago; San Francisco; in Canada: Peacock Bros., Montreal 
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“FABRICATED 


WITH OUR DESIGN IMPROVEMENTS 


Rolock supplies many of the large furnace bells and bases in use today— 
including vacuum bells and specially designed units. 


This photograph shows one new and important Rolock design feature. 
Integral flanges are provided at both edges of the conical section joining 
bell and base, thus removing the welds from the critical point of stress at 
the angles. As a result, one frequent cause of weakness under thermal load 
has been eliminated and longer service life assured. 


Many other Rolock design and construction improvements in bells and bases 
have contributed to superior strength, adequate reinforcement, and pre- 
vention of premature distortion or cracks. Rolock, in fact, provides the 
experienced, forward-thinking engineering essential in handling large and 
critical work such as this. Our craftsmen are expert in fabricating the high 
nickel and straight chrome alloys. Rolock manufacturing procedures and test 
equipment can meet any designated code or inspection requirements. 


Let us quote on your next bell-type retort job — whether standard or special. 


SALES AND SERVICE FROM COAST TO COAST 
ROLOCK, INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONNECTICUT 


JOB-ENGINEERED for better work 


Easier Opération, Lower Cost 
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Ultrasonics . . . 


in all sizes of these forgings. 

Ultrasonic tests are being con- 
tinually devised to locate cracks, 
blow holes, insufficient penetration, 
lack of fusion, and other discon- 
tinuities in welds of all types. Dis- 
continuities equal to 1% of the weld 
thickness in size have been found 
quite easily. In this application, 
both the shear and the longitudinal 
wave modes are used. 

Both resonance and _pulse-echo 
techniques have been used to evalu- 
ate bond quality in brazed joints. 
Researchers have found that im- 
mersion testing often allows the un- 
bonded areas to be outlined. 

In forged and bored pipe, retain- 
ing rings and heavy wall tubing 
(made from a variety of materials), 
cracks, voids, and detrimental seg- 
regations of nonmetallics and poros- 
ity have been readily detected 
through the use of shear-wave tech- 
niques. The sensitivity and direc- 
tivity of these techniques are such 
that the location of discontinuities 
can be pinpointed to the extent that 
inside diameter, outside diameter 
and midwall positions can be deter- 
mined in tubes having wall thickness 
as small as % in. Discontinuities on 
the order of 1% and as small as 0.5% 
of the wall thickness can be de- 
tected in most materials. 


Limitations Are Important, Too 


Of course, there are many condi- 
tions which can and do restrict the 
application of ultrasonics. For ex- 
ample, there are many variables 
which determine whether a defect 
can be detected. Among the most 
important are sensitivity, resolution 
and noise discrimination. Sensitivity 
refers to the capacity of the instru- 
mentation to detect the small amount 
of energy reflected from a discon- 
tinuity. Resolution is the ability to 
separate or distinguish the indica- 
tion from discontinuities occurring 
close together in the test object. 
Frequently resolution is defined as 
the ability to detect discontinuities 
lying close to the test surface of the 
item being examined. Noise dis- 
crimination is the capacity for dif- 
ferentiating between the signals 
from defects and the unwanted noise 
of either electrical or acoustical 
nature. These three variables, which 
do not necessarily function inde- 
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ANACONDA EXTRUDED SHAPES _ 


CASE GUARD™ 


a 


TCH YOKE TOP CATGH REAR LATCH YOKE 


Cc 


The familiar Nik-O-Lok coin-operated lock for toilet enclosures (in about two-thirds actual 
size cutaway above, and complete below left), made by the Nik-O-Lok Co., indianapolis, has 
eight parts cut from Anaconda extruded shapes. The Anaconda die-pressed forging (top, 
left) replaced a casting—doubled case guard life, cut machining and material cost 50%. 


BUMPER 


How parts sliced from long lengths of “premachined” 
brass shapes cut costs. It starts in design. You select cross sections 


which minimize subsequent machining—and scrap. The only limitation is that grooves, 
slots, etc., must parallel the axis of the extruded bar. The smooth surface of extruded 
shapes reduces many finishing operations. And high dimensional accuracy simplifies 
assembly. In addition, you get superior, long-wearing parts that improve the quality 
of your product, because of the strong, homogeneous wrought-metal structure of 
extruded shapes. For imaginative and practical help in adapting extruded shapes to 


the economical production of intricate parts, see your Anaconda representative. Or write: Anaconda 


American Brass Company, Waterbury 20, Connecticut. In Canada: A & 
Anaconda American Brass Ltd., New Toronto, Ontario. os N A C O N D 
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BOEING AIRPLANE COMPANY PHOTO 


A new dimension 
in Testing Adaptability 


Take a close look at the unique XY strip chart recorder being 
used by the Boeing Airplane Company's Aero-Space Division. 
Mounted on large casters, this versatile plug-in unit quickly con- 
verts any one of their six standard Tinius Olsen Elecématic 
UTMs into a specialized testing tool. A wide variety of inde- 
pendent functions, in addition to stress-strain or stress-time,can 
be plotted without affecting the routine universal testing capa- 
bility of any of the machines. 


Many industrial testing laboratories are using a single XY 
recorder and an Olsen Elecdmatic or hydraulic Super “L” as a 
nucleus. Other testing machines can then be obtained as the 
need arises without additional XY recorders. 


To add a new dimension in adaptability to your testing 
program, send for the facts about this movable XY strip 
chart recorder—another years-ahead testing advance by Tinius 
Olsen. Write for Bulletin TT 12-3 today. Tinius Olsen Testing 
Machine Company. 


TINIUS , OLSEN 


2030 Easton Rd. 
Willow Grove, Pa. 
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pendently, are in turn affected by 
two others: frequency and pulse 
power or energy. Now, add to this 
recipe two additional ingredients — 
geometry and condition of the mate- 
rial. All of these variables can act 
to limit the ultrasonic technique. 
The complexity of this situation 
can be shown by noting the effect 
or the dependence of one variable 
upon the others. For example, when 
the frequency is increased, the sensi- 
tivity increases. At the same time, 
the penetrating ability goes down. 
The size of the object, or the test 
distance that can be satisfactorily 
tested, drops, too. With the in- 
crease in sensitivity, smaller inhomo- 
geneities within the material will be- 
come detectable; this will increase 
the noise level thus hindering signal 
discrimination. The higher fre- 
quencies, because of the shorter 
wave length and the less divergent 
sound beams, improve the resolution. 
Under the same conditions, but 
this time maintaining a constant fre- 
quency and increasing the pulse 
power instead, sensitivity is in- 
creased although not to the same 
extent as before, and penetrating 
ability (which in the former situation 
went down) increases. With more 
power, larger objects can be tested. 
Both material noise and signal dis- 
crimination will increase. However, 
the latter will rise only slightly so 
that the resolution will decrease. 
Problems concerning the cou- 
plants, the surface vee and 
scanning also limit applications for 


MAGNETIC PROPERTIES 
OF METALS AND ALLOYS 


Here is a complete treatment 
of the newest advances in mag- 
netics, written by 17 outstanding 
scientists and engineers. This 
book discusses the most signifi- 
cant advances in magnetic phe- 
nomena—the basis of future 
developments and _ technologies 
in the expanding electronics and 
electrical industries. Presented 
in 13 clearly written, illustrated 
chapters with eight. appendices. 
349 p.—6 x 9—cloth bound — 
ASM members $10.00/nonmem- 
bers $12.00; overseas postage 
$1.00. Clip and mail to Technical 
Book Dept., ASM, Metals Park, | 
Novelty, Ohio. 
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BATTLESHIP GUN BARREL 
RE-ENLISTS AT GENERAL ELECTRIC 


Molybdenum Electrodes. This pair of 12” 
diameter electrodes—from the G-E gun barrel 
—will be used for consumable electrode vacuum 
arc melting. 


JUNE 1961 


This 16’’ gun barrel, from the scrapped 
U.S.S. Colorado, has a Space-Age job— 
at General Electric in Cleveland. It’s 
now a hydrostatic pressure chamber, 
used to cold-form massive pieces from 
tungsten and molybdenum powder. 


PS (for pressed and sintered) Moly 
and PS Tungsten, and their alloys, are 
new G-E products, important in today’s 
defense effort and civilian markets. 


Here are three ways to use PS powder 
metallurgy billets, slabs, tubes or pre- 
forms made from these refractory metals: 


1. Forging and metalworking. Use 
PS Moly and PS Tungsten in billet and 
slab form for sheet rolling or forging. 
High densities: moly 95% minimum, 
tungsten 92% minimum. 


2. Consumable electrode vacuum arc 
melting. Use electrode bars of moly in 
diameters through Tungsten 
and moly/tungsten alloys, 1’- 9’. 
High density and high purity (99.9% 
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minimum metal content). Good straight- 
ness—no more than %.6’’ camber on a 
30” electrode. With or without carbon 
additions. 


3. Direct machining. For example, 
crucibles, furnace boats and throat in- 
serts for missiles are machined from PS 
Tungsten preforms. Order the basic PS 
material for your own machining or, 
should you prefer, order the finished 
part ready to use. Hf you’re looking for 
controlled density in tungsten, General 
Electric can vary it between 65% and 
95%, plus or minus 3%. 


Put PS Moly and PS Tungsten, with 
their unique high temperature proper- 
ties, to work now. Call or write Lamp 
Metals & Components Dept. MP-61, 
21800 Tungsten Rd., Cleveland 17, Ohio. 


Progress ts Our Most Important Product 
GENERAL ELECTRIC 
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For economical under-paint protection 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN + OVER 160 MATERIALS 


These two panels were identically painted, scored with an “X”, 
and exposed to salt spray test for 480 hours. The difference: the 
one on the right was first treated with an Oakite CRYSCOAT iron 
phosphate conversion coating. 


Oakite CRYSCOAT, iron phosphate coatings 


cut the cost of corrosion-protection 


You get proper protection plus economy with CrysCoat iron phos- 
phate coatings. 

First of all, they lock paint to steel, giving a superior paint grip 
under bending stresses. Bend tests show less chipping and flaking 
of paint. And note how paint held tight even at punched holes in 
the sample above. 

Secondly, they keep corrosion from spreading at every scratch, 
as the panels above show so graphically. 

But most important, they save money. Because CRYSCOAT iron 
phosphate processes clean as they phosphate. Because you need 
only a three-stage washer. Because no acid-proof equipment is re- 
quired. You save both on equipment and production time. In 
addition, the smoother iron phosphate coatings soak up less paint 
than coarser phosphate coatings . . . giving you a sleek finish with 
one less coat. 

It will pay you to ask Oakite about phosphating. You'll find the 
right one for your requirements in the complete CrysCoat line which 
includes both zine and iron phosphate processes, for spray or tank, 
for room or elevated temperature operations. Meanwhile, write for 
Bulletin F-9475. Oakite Products, Inc., 26H Rector Street, New 
York 6, N. Y. 


it PAYS to ask Oakite 
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This pointed tubing wos Crys- 
Coated. Repeated punching did 
not break point grip despite 
severe abuse ond deformation. 
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ultrasonic testing. The couplant, 
whether liquid or paste, must wet 
the surface of both the crystal and 
the test object. In some applica- 
tions, total immersion of the test 
piece can sometimes help. Rough 
surfaces can make it impossible to 
test many objects by preventing ef- 
fective coupling between the trans- 
ducer and the test piece. »§canning 
of rough, complicated, and small 
parts is often difficult. —_ 


Criteria for Successful Inspection 


There are certain keys to success 
in using this relatively new tech- 
nique. Among the factors common 
to its successful use are: 

1. A clear definition of the test 
problems. 

2. Capable operators. 

3. Adequate reference standards. 
4. Practical test specifications. 
5. Realistic acceptance criteria. 
6. Detailed test records. 

7. Frequent inspection of the 
equipment. 

Careful attention to each of these 
important factors is always war- 
ranted. Where safe usage of the 
product is contingent upon careful 
testing, rigorous adherence to these 
rules is essential. S 


Surface Coatings . . . 


(Continued from p. 106) 


alone will give economical and ade- 
quate protection. 

These particular coatings are ap- 
plied by a flame spray process using 
the protective materials in wire or 
powder forms.* Tools to be coated 
are prepared by vapor degreasing 
and grit blasting. The most economi- 
cal protective coating has a thick- 
ness of 0.003 to 0.005 in. (Metco- 
weld H and Thermospray 101) or 
0.013 to 0.015 in. (Thermospray 
16C). All coatings except alumi- 
num oxide must be baked in a re- 
ducing atmosphere. Tools are loaded 
into the furnace which is operating 
at 1800° F. The temperature is then 
raised to 1900° F. and the tools are 
held at temperature for 5 min. after 
which they may be removed and 
cooled in air. Finishing is done with 
buffing and grinding wheels to re- 


*Alloys used obtained from Metco, 
Inc., Westbury, L.I., N.Y. 


METAL PROGRESS 


' 
; 
= 
: 
over, Est. 1909 
¥ ears’ leadership in industrial cleaning by 
124 


giant guardian... 


Four football fields could be laid out on the flight 
deck of the giant, nuclear-powered U.S.S. Enterprise— 
the world’s largest ship. But size isn't the only dimension 
that makes the Enterprise outstanding. Pressurized water 
nuclear reactors, producing over 200,000 horsepower, 
will drive her at speeds in excess of 25 knots. She will 
be able to sail the seven seas for several years with- 
out refueling. 

Carlson corrosion and heat-resistant stainless steel 
plate was used in this huge Attack Aircraft Carrier, and 
in her nuclear power plant. The builders of the Enterprise 
have confidence in the stainless plate produced by 
Carlson specialists. Exacting quality standards and de- 
pendable delivery result from such specialization. 

Whether you are building a gigantic ship, a nuclear 
power plant, or corrosion-resistant process equipment, 
we can help you make it best. For practical assistance 

in filling your requirements for stainless 
plate in a wide range of grades and sizes, 
contact Carlson. 

Our new booklet, “Producing Stainless 
Steels . . . Exclusively,” is available. Write for 
your copy now. 


Photograph of the launching of the U.S.S. Enterprise. 
Courtesy of Newport News Shipbuilding & Dry Dock Co. 


OFFICIAL U.S. NAVAL PHOTOGRAPH 
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Producers Stainless Steel 


128 Marshallton Road 

THORNDALE, PENNSYLVANIA 5 
District Sales Offices in Principal Cities 

Plates © Plate Products © Heads Rings Circles Flanges Forgings Bars and Sheets (Mo. 1 Finish) 


Circle 2184 on Page 48-B 


OXYGEN FOR STEEL IS ALWAYS ON TAP WHEN . 


Your oxygen supply, piped from a plant we © 
build and operate, on or adjacent to your 
site, is backed by 45 years of experience 
in air separation. We have the resources 
and sound engineering ability to keep your 
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BUY IT FROM AIRCO 


oxygen flowing now and as your needs 
increase. For the full oxygen story, phone, 
write, or wire Airco. 


REDUCTION SALES COMPANY 


A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED, 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
REPRESENTED ON THE WEST COAST BY AIR REDUCTION PACIFIC COMPANY 
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livers up to 45% more fluid 


flow than previous LIGHTNIN 


a new level of competence 
in the mixing of fluids 


You get more work out of these all- 
new LIGHTNIN propeller-type mixers. 

They'll handle bigger batches, 
heavier materials, or do the job faster 
—without using more power. 

Often a smaller, lower-cost model 
will do the job you want done—on 
less power than you've been using. That's 
how efficient they are. 

In normal use, you won't have to 
lubricate these mixers for five years. 
Overloads can’t hurt the gear drive. 
The chemical plant motor is standard, 
at no extra cost. 

Notice how we’ve moved the lower 
shaft bearing and chuck up out of the 
mixer base, away from the splash of 
tank contents. And you don’t need 
three hands to change the shaft. New 
quick-acting chuck locks it tight 
when you turn one screw. 


They're ready in eight sizes from 
VY to 3 hp, gear drive or direct drive. 
Ask your LIGHTNIN Mixer repre- 
sentative for details. His name is in 
Thomas’ Register and in the yellow 
pages of your telephone directory. Or 
write us for descriptive Bulletin B-521. 


FOR CLOSEDTANKS.Some PORTABLES, TOO. New in- 
all-new design, with new dexing feature mokes it a 
stuffing box or rotary me- snap to set mixer at the cor- 
chanical seal. Also de- rect angle. Nine sizes, Ye to 
scribed in Bulletin B-521. 3 hp. Request Bulletin B-520. 


~Lightai Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-f Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 


In Europe: Lightnin Mixers, Ltd., Poynton, Cheshire, England 
Circle 2186 on Page 48-B 
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move “orange peel”. The aluminum 
oxide coating is surface finished with 
No. 240 emery paper. 

Table II (p. 105) compares cost, 
corrosion resistance, hardness, ease 
of finishing and response to bending 
of the three coatings. Figure 2 
(p. 106) shows an aging fixture 
coated with Thermospray 101 used 
10 to 15 times in an aging cycle that 
required temperatures of 1000° F. 
for 4 hr. There is no apparent cor- 
rosion damage to the tool. 

In the heat treatment of titanium 
alloys and stainless steels, coatings 
also serve to inhibit contamination. 
Various coatings have been recently 
developed which are of the pop-off 
type or which can be removed by 
chemical solutions. Two such ce- 
ramic coatings and one aluminum 
paint (aluminum powder suspended 
in silicone oil) have been tried with 
varying success at Boeing. One of 
these ceramic coatings was of a glass 
type, the other was a pop-off coat- 
ing. Ceramic coatings are applied 
by spraying and the aluminum paint 
is brushed on. The former can vary 
in thickness from 4 to 10 mills and 
can be dried at room temperature. 
Aluminum paint requires a drying 
temperature of 400° F. and a baking 
temperature of 1200° F. for a total 
of 24 hr. The glass-type ceramic 
coating is removed after heat treat- 
ment by a 20-min. immersion in a 
15% sodium hydroxide solution; alu- 
minum paint requires a total of 1 hr. 
in alkaline and pickling solutions. 
The pop-off coating is removed by 
quenching in water. 


(Continued on p. 131-A) 


DISTORTION IN 
Too. STEELS | 


This practical, easy-to-read 
book by Bernard S. Lement 
helps you understand and remedy 
the size and shape changes in 
tool steels which occur during 
and after processing . . . with 
emphasis on methods of heat | 
treatment for precise dimensional 
control. All tool steel users will | 
find this volume a _ valuable | 
source of useful and usable infor- 
mation. 173 p.—illustrated—6x9 | 
—clothbound—ASM members 
$8.00/nonmembers $10.00/over- | 
seas postage $1.00. Clip and mail | 
to Technical Books Dept., ASM, 
Metals Park, Novelty, Ohio. 
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turns the mixer shaft at 
head in direct-drive models. 
4 
4 
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HEAT EXCHANGER TUB 


If a shortage of fresh water for heat transfer operations 
is causing your company to use sea water or brackish 
waters for heat removal duty, here are some mighty im- 
portant facts for your consideration: 


(1) In salt water service, the corrosion rate of com- 
mercially pure titanium tubing has been calculated at 
0.001” in 1250 years. In addition, tubing manufactured 
from titanium is immune to stress corrosion cracking in this 
type of service. Tests also indicate no apparent tendency 
toward crevice corrosion nor is there any indication of 
pitting from marine growth deposits. 


(2) On the other hand, the tendency of some ferrous 
and nonferrous metals toward corrosion cracking and 
pitting with corrosive elements on the tube side and sea 
or brackish water on the shell side makes frequent mainte- 
nance and material replacement a costly procedure . . . 
TITANIUM ELIMINATES THIS COMPLETELY. 


(3) Because of its resistance to corrosion in this type of 
service, thin walled titanium tubing can be specified as 
can thinner sections for other components. The result is 


ARE You 


BUYING TUBE 
BY THE YEAR? 


greater heat transfer efficiency and, because of greatly 
increased operating life, a lower prorated cost per foot 
for titanium heat exchanger tube . . . the tubing that 
gives years of service instead of only months. 


This is but one of a number of areas where Wolverine 
titanium heat exchanger tube can bring increased heat 


transfer efficiency at lower costs. Why not have Wolver- . 


ine Tube's Field Engineering Service staff analyze your 
heat transfer operations? All you have to do is fill in and 
mail the data sheet on the reverse side of this page. 
There is no obligation. Do it today! 


WOLVERINE TUBE 


DIVISION OF 


Calumet Hecla, Inc. 


DEPT. N, 17252 SOUTHFIELD RD., ALLEN PARK, MICH. 
TUBEMANSHIP in Copper —Copper Alloys — Aluminum — Special Metals 


PLANTS IN DETROIT, MICH. AND DECATUR, ALA. 
SALES OFFICES IN PRINCIPAL CITIES 
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TITANIUM COMPARISON CHECK 
SHEET 


WOLVERINE TUBE 
17252 Southfield Road 
Allen Park, Michigan 


GENTLEMENS 
ef We are interested in the possibility of using titanium heat exchanger tubing in 


! 


our heat transfer operations. Will you please have your Heat Transfer Specialists analyze the follow- 
ing technical data and advise us if Wolverine titanium heat exchanger tube would be practical 
under the following conditions? 


| Me PLEASE ANSWER ALL QUESTIONS AS COMPLETELY AS POSSIBLE me 


What is O.D. of material? Wall Size? Quantity? Alloy? ' 


25 y] Describe corrosive product with percent of concentration. 


What is maximum temperature of corrosive product? ' 


What is tube side operating pressure? 


Is environment oxidizing or reducing? 


What is present tube life? ' 


& 


WOLVERINE TUBE 


FILL IN AND MAIL 


Calumet Hecla, Inc. 
DEPT. N, 17252 SOUTHFIELD RD., ALLEN PARK, MICH. COMPANY — 


TUBEMANSHIP in Copper — Copper Alloys— Aluminum — Special Mete!s 
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Easy as one, two, three — four... 
getting the right Sunoco quenching oil 


Just determine your requirements. 
Then select from one of four Sunoco 
quenching oils. 

To keep coolers cleaner longer, use 
Sun Quenching Oil Light, a “job 
proved,” all-purpose oil with the 
added benefit of natural detergency. 

For fast cooling rates, minimum 
distortion, and deeper hardnesses, 
use Sunquench 1070. 

For ideal bright quenching, use 
Sun Quenching Oil 11, a premium- 
quality, paraffinic quenching oil 
with a high flash point. 


For marquenching work up to 
400F, use Sun Marquenching Oils. 
They are inhibited paraffinic oils 
with high thermal stability that give 
long service life. 

Your Sun representative can ana- 
lyze your quenching-oil needs. You 
may be over-spending or not getting 
the quality you should. Call your 
local Sun office, or write today to 
Sun Om Company, Dept. MP-6, 
Phila. 3, Pa. In Canada: Sun Oil 
Company Limited, Toronto 
and Montreal. 


MAKERS OF FAMOUS CUSTOM-BLENDED BLUE SUNOCO GASOLINE 
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Figure 3 (p. 106) shows a glass- 
type ceramic coating on a titanium 
pressure vessel. Of the three coatings, 
it gives the best protection against 
oxidation. In addition, it requires a 
production flow time of only 1 hr. 
compared to 30 hr. for aluminum 
paint. The pop-off coating is the 
least successful because frequently 
pop-off properties are ineffective, and 


removal of the residual coating by 
pickling solutions is difficult. 


Borax Controls Decarburization 


Another application of heat treat 
coatings lies in the protection of 
high-carbon tool steels which tend to 
decarburize when heated to the 
hardening temperature range. It has 
been found that a borax film, applied 
as a saturated water solution, is help- 
ful in controlling decarburization. 


The unheated parts can be immersed 


4 


"speeds production at 


The problem: To remove flux from printed circuit boards, formerly 
done by hand brushing. This method was slow, expensive and not 
very efficient. 


The solution: A ‘‘tailor-made’’ Branson/Univac system that cleans 
completely, continuously, and automatically. The ultrasonic instal- 
lation consists of two 8 foot tanks, each powered by a 1000 watt 
generator. It is part of a continuous production line, which auto- 
matically supplies flux and solder, ultrasonically cleans and rinses, 
dries and unloads. This process enables Univac to increase pro- 
duction of printed circuit boards considerably. Ultrasonic cleaning 
assures complete cleanness at high production speed for critical 
components. 


Whether your products are small or large, simple or complicated, 
you should investigate the use of ultrasonic equipment for your 
company. Branson's highly experienced, factory-trained specialists 
stand ready to assist you anywhere in the U. S. Tell us about your 
particular problem and Branson's engineering department will try 
to find the best possible solution in the shortest possible time. 


RANSON INSTRUMENTS, INC) VV 


6 Brown House Road, Stamford, Conn. 
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in the solution at 180 to 212° F., or 
the solution can be applied with a 
brush or spray. Pieces so treated are 
heated as usual, but care must be 
taken to preserve the borax during 
the handling. 

Still another method of protecting 
finished parts during hardening is to 
apply a coating of copper paint 
which can be brushed or sprayed on. 
After drying, a protective coating of 
copper remains. 


Plated and Diffusion Coatings 


One of the best examples of a 
plated coating is the use of copper 
to protect selected areas on parts 
that are to be case hardened. This 
widely used method finds application 
where production warrants the ex- 
pense of installation and operation. 

Copper plating is effective with 
most carburizing compounds, al- 
though with some, it does not pre- 
vent carbon penetration. In addi- 
tion, there is considerable difficulty 
in depositing the copper plate in 
recessed areas. 

Two methods may be employed 
when using copper plate. The en- 
tire piece is plated and the copper 
is removed by machining or grinding 
it from that portion te be hardened, 
or suitable protective paints are used 
to mask off the areas not to be cop- 
per plated. In the usual method, a 
baking japan or lacquer is painted on 
the area to be hardened. It is baked 
or dried, and the part then plated. 
In the subsequent carburizing opera- 
tion, the japan or lacquer burns off, 
permitting the carburizing gases to 
contact only those areas which are 
to be hardened. Masking may also 
be done with rubber or with a wax 


stop-off. 
Bright Annealing 


One of the techniques for protect- 
ing steel and superalloys during heat 
treatment is based on thermal reduc- 
tion of metallic halides which pro- 
duces a thin skin on the parts. Used 
widely in France and now being in- 
vestigated at Boeing, the process has 
proved effective in bright annealing 
treatments. 

To apply the protective layer, the 
parts to be bright annealed are 
put into retorts containing small 
amounts of ammonium fluoride and 
powders of chromium or nickel. 
The retorts are closed by welding 
except for an opening for escaping 
gases. When the parts are treated 
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at elevated temperature, the am- 
monium fluoride reacts with the 
metal powders and is dissociated. A 
thin skin of low-volatility fluoride is 
formed on the surfaces of the parts. 
This fluoride is reduced at higher 
temperatures forming a reducing at- 
mosphere. As a result, the parts are 
usually bright with little oxidation 
of the surface. Several cobalt and 
nickel-base alloys have been treated 
in this manner at Boeing with excel- 
lent results. 

It can be said in conclusion that 
no simple coating is “best” with all 
alloys. However, by proper selec- 
tion and application, heat treating 
coatings can be highly effective in 
preventing the harmful effects of 
high temperatures. S$ 


Heating Stainless . . . 
(Continued from p. 109) 


and allows a higher furnace cham- 
ber temperature. To counteract 
this advantage, however, longer 
start-up and shut-down periods are 
required because of the heat storage 
of dense refractory materials. Rela- 
tively longer times are also needed 
for purging a refractory-lined cham- 
ber to establish proper atmesphere 
conditions, and atmosphere gas is 
required until relatively low temp- 
eratures are reached. Furthermore, 
the cost of electric power for heating 
is generally greater than the cost 
of fuel. 


Producting Sheet and Plate 
Both sheet and plate are produced 


essentially in the same manner; they 
are rolled, annealed, and surface 
conditioned. Since, in most in- 
stances, the customer requires a 
product that is free of surface 
defects, each of these operations 
requires much care. For some 
time, sheet has been annealed in 
continuous roller-hearth and walk- 
ing-beam furnaces—not without 
problems, however. Marking oc- 
curs, for example, through contact 
between the stainless material and 
the heat-resisting alloy rolls or con- 
veyers. (Scale is picked up and 
rolled into the surface.) Though 
rider or waster sheets have been 
used to overcome this condition, 
they have proved unsatisfactory. 
Waster sheets are expensive, and 
the surface obtained on the exposed 
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side differs from that of the pro- 
tected side. 

Today, the most successful fur- 
naces for annealing sheets of 
stainless steel are based on a re- 
fractory roll design which takes 
advantage of the compressive 
strength of refractories. In effect, 
the rolls are put in longitudinal 
compression. Refractory sections of 
the roll are supported between end 
bells (made of heat-resisting ma- 
terial) which are joined by a water- 


cooled tension tube. Compression 
is then applied uniformly by coil 
springs at one end of the roll. 
Insofar as marking is concerned, 
the refractory compression roll has 
proved to be very satisfactory for 
supporting stainless plate during the 
annealing cycle. However, refrac- 
tory materials are generally not 
strong under impact, and stainless 
plate coming from the hot mill is 
very irregular and far from fiat. 
Consequently, another arrangement 


Metallurgical, Chemical and Physical Properties 


verified every hour, every heat, every day 


For important enginetring components in automo- 
tive, aircraft, and allied industries, ECI castings must 
have precise metallurgical and physical properties 
and dimensional tolerances in order to assure manu- 
facturing economy and superior heat, wear, and 
corrosion resistance. 


Control checks and tests are maintained every step 
of the way — “technical policemen” on sand, metals, 
molds, and technique. Standards on uniformity, hard- 
nesses, time, temperature, and numerous other fac- 
tors are rigidly enforced at tegular, frequent periods 
throughout the day. 


Only on this basis are we able to make and inspect 
more than 125,000 small, close tolerance castings 
per day; and to assure our customers of maximum, 
ultimate economy and superior performance in 


service. 


Licensed producers of Ni-Hard, Ni-Resist, 
Ductile Iron, and Ductile Ni-Resist 


ENGINEERING CASTINGS, INC. 


Marshall, Michigan 


Circle 2189 on Page 48-8 
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ROMBUSTION TUBES 
UNIFORM! THERMAL SHOCK RESISTANT! 


Maire co; <icco Ceramics! For service up to 
3,000° F! Excellent cycling qualities! Maximum 
strength and sag resistance! Order from your 
scientific laboratory supply house! 


for Catalog Codey! 


CERAMICS REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 


Circle 2190 on Page 48-B 


Heating Stainless . . . 


is needed. So far, it appears that a 
combination type of furnace hearth 
presents the best approach. In this 
setup, rolls made of heat-resisting 
alloy are used in the entry end, and 
compression-type refractory _ rolls 
convey the plate through the high- 
temperature zones. The alloy rolls 
take the impact of the rough plate 
end, supporting the plate until 
heating relieves it of its rolling 
stresses, and the plate flattens out. 
This preheated plate, which is now 
relatively flat, will then pass onto 
the refractory roll portion of the 
hearth before meeting temperatures 
at which scale pickup becomes 


troublesome. 
Methods for Descaling 


After annealing, the sheet is de- 
scaled and pickled. Caustic salt 
can be used in removing scale by 
either of two methods. In one, the 
oxide is reduced; and in the other, 
the oxide is changed to make it 
more easily removed by acid. 
(These methods are termed reduc- 
ing and oxidizing, respectively.) 
The descaling unit consists of a 
heavy reinforced tank of carbon 
steel, and the bath is heated by 
fuel-fired immersion tubes, im- 
mersed electric heaters or by the 
direct passage of electricity. Caustic 
soda serves to carry the active in- 
gredients which descale the strip. 
For the oxidizing bath setup, the 
maker adds oxidizing agents to the 
caustic soda before shipment, while 
the reducing agent in the reducing 
type bath is generated directly in 
the bath. For the latter technique, 
generator boxes are also needed for 
metallic soduim and hydrogen (gen- 
erally in the form of dissociated 
ammonia). These two items pro- 
duce the active bath ingredient, 
sodium hydride. 


In Conclusion 


To sum up, the heat treating of 
many of the stainless steels is a 
complex subject. The field today 
is very broad, and it is continually 
growing because of the efforts of 
researchers to produce newer and 
more useful materials. How- 
ever, as in the past, the furnace 
manufacturers can be expected to 
keep pace with this dynamic phase 
of metal production. 
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Instron is proud to have played 
a part in the development of a 
workable equation for predicting 


the low-cycle fatigue resistance of metals (and other 
materials). Low cycle fatigue deals with mechanical 
and thermal cyclic strain in materials from 4 cycle up 
Recent 


to approximately 10° cycles. 


have shown the tremendous importance of establishing 
reliable design criteria in this critical plastic strain range. 


No — we can’t take credit for the equation itself 
(which you can study at your leisure below.) * But we are 
responsible for the Instron Universal Tester, equipped 
with reverse stress cycling controls, which helped to 


Accuracy of cycling data provided by Instron Universal Tester furnished a reliable standard 


against which to check new formula. 


A NEWLY DERIVED FORMULA FOR PREDICTING 
MATERIAL PROPERTIES ...... IN ADVANCE 


investigations 


For advanced stress 
analysis equipment look to 


prove that the equation was 
workable. Data obtained from 
low-cycle strain fatigue tests on 


12 different materials, conducted on the Instron, cor- 
roborated the equation. 
Which is yet another instance of what we mean 


x PS! 


© EXPERIMENTAL DATA 
+ CALCULATED FOR 
REOUCTION IN AREA: 65% 


AIN sTr 


STRESS 
AMPLITUDE 


STRESS AMPLITUDE 


CYCLES TO FAILURE 


vot 


GENERALIZED HYSTERESIS LOOP OF 
STRAIN CYCLE FATIGUE 


Typical curve (for 1018 ae on 
correlation between Instron 
and formula (solid lines). 


when we say 


tion your particular 


interest. 


development, drop us a line. 


“you can do more with an Instron”. 


Instron catalogue. Also avail- 
able: our ever-growing library of 
articles on advanced 
techniques, covering many fields. 
Yours for the asking — just men- 


Generalized hysteresis loop of strain cycle 
data (dots) fatigue. 


If you have any problem at all related to materials 
testing, you should (at the very least) have the complete 


testing 


field of 


Ps — New formula for stress amplitude of a material is based 
Pe on just 3 knowns, all easily arrived at by conventional test 
S= + Se | methods: 1) €, modulus of elasticity; 2) ¢, constant easily 
related to the per cent reduction in area and 3) S,, the endurance 


limit or yield stress point. N represents cycles to failure. Satisfactory correlation with 
experiments up to 10° cycles to failure was found. For more insight into this fascinating 


The Instron comes in various models and sizes to suit the widest 
applications for tests under all kinds of environmental conditions 
Shown: Floor Model — load ranges from 2 grams to 10,000 Ibs 


iINS$TRON@® 


2507 Washington Street, Canton, Mass. 
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W. S. Pellini 


 superin- 
dent of the U.S. Naval Research 
Laboratory's metallurgy division, 
has been awarded both the Navy 
Distinguished Civilian Service 
Award and the American Foundry- 
men’s Assoc. John A. Penton Gold 
Medal. The two awards are for 
two entirely different areas of ac- 
tivity — the first for work in welding 
and brittle fracture and the second 
for work in casting and _solidifica- 
tion of metals — and are indicative 
of Mr. Pellini’s diverse metallurgical 
interests. 

After graduating with honors (and 
a B.S. degree in metallurgical en- 
gineering) from Camegie Institute 
of Technology in 1940 — where, he 
says, “metallurgy entered my sys- 
tem irrevocably after a 5-min. inter- 
view with Dr. Mehl in my freshman 
year” — he worked in the Institute’s 
Metals Research Laboratories for 
two years, then joined the Navy. He 
was discharged as lieutenant com- 
mander in 1945 and joined first the 
American Brake Shoe Co., then, in 
1947, Oak Ridge National Labora- 
tories. Two years later he came to 
the Naval Research Laboratories in 
Washington, D. C. His first five 
years at NRL were spent as head of 
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the welding and casting research 
sections of the metallurgy division. 
In 1954 this research was more or 
less terminated by appointment as 
superintendent of the metallurgy di- 
vision, although he was determined 
to reserve at least his “left hand” 
for active participation in research, 
in addition to his administrative 
chores. 

From 1954 to 1957 his major 
effort at NRL was in evolving and 
promoting new research studies in 
the rapidly changing _ technical 
scene, while the “left hand” kept 
busy with various aspects of frac- 
ture research. 

By 1957, both enthralled and 
overwhelmed by the complexity of 
materials requirements of the nu- 
clear and space age, he obtained a 
leave of absence to join W. J. Harris 
in a trial effort to conduct “system 
analyses” with the purpose of bring- 
ing together concept, design and 
materials people in studies aimed at 
developing long-range projections of 
materials requirements. The first of 
these studies on “Thermal Protec- 
tion Systems” culminated in a clas- 
sified long-range planning document 
(and an unclassified version which 
appeared in Metal Progress in 
March, April, May and June 1960). 

In addition to directing research 
in irradiation effects on reactor ma- 
terials at NRL, he serves as con- 
sultant to the division of engineering 
of the National Research Council, 
National Academy of Sciences, on a 
variety of studies for the Office of 
the Secretary of Defense. 

His leisure time is spent as much 
as possible in the outdoors, divided 
between boating in the tidewater 
country and camping in the moun- 
tains of nearby states in the summer 
and hiking in the winter—accom- 
panied by his wife, Kathryn, and 
children (Linda, 14, Carl, 12 and 
Carolyn, 9). 


H. Edwin Berger 


H. Epwin_ Bercer has _ been 
named superintendent of metallur- 
gical engineering at Kaiser Steel 
Corp.’s Fontana (Calif.) plant. He 
graduated from Washington and Lee 
University with a B.S. degree in 
chemistry, then went on to study 
metallurgy at the University of 
Pittsburgh. Joining United States 
Steel Corp. as a metallurgical ob- 
server at the Duquesne Works, he 
advanced through engineering and 
production jobs to become assistant 
superintendent of rolling. In 1953 
he came to Kaiser Steel as assistant 
chief inspector, rolling mills, and a 
year later became chief inspector, 
primary mill, and then metallurgical 
engineer. He transferred to Oak- 
land in 1956 as resident metallurgi- 
cal engineer and returned to Fon- 
tana three years later as senior 
metallurgical engineer. 


Roger L. Mogel — now assistant 
metallurgist, technical services for 
Carpenter Steel Co., Reading, Pa. 


William H. Johnson — from senior 
metallurgist, process metallurgy di- 
vision, at Battelle Memorial Insti- 
tute, to technical director of the Cen- 
trifugal Casting Div., Shenango Fur- 
nace Co., in Dover, Ohio. 
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98% or more of the charge is converted to molten metal in AM 
Induction Melting furnaces. This high recovery rate, together with 
negligible alloy losses and simple temperature control, produces 
quality metal at a low cost from chips, borings, turnings and other 
scrap material. 


J 


Magnethermic 


CORPORATION 


GENERAL OFFICES P.O. Box 839 + Youngstown 1, Ohio 

TRENTON DIVISION 930 Lower Ferry Road + Trenton 5, New Jersey 

YOUNGSTOWN DIVISION 3990 Simon Road + Youngstown 12, Ohio 

AJAX MAGNETHERMIC CANADA LTD. Box 779 + Ajax, Ontario 
— 


Another economical application for % 

| . | 

if sn, 


136 


PANORAM-X 


“It will fit into places and do things 
others can’t.” This is an operator's 
comment about the new, low-cost 
Westinghouse Baltospot 150 indus- 
trial x-ray unit. It penetrates 154” 
of steel. 

One man can easily operate either 
55-pound model: the PANORAM-X 
(pictured) permits 360° radiography 
with 20° forward-throw beam pro- 
jection, plus adaptability to single 
beam use; and the DIRECTIONAL 
BEAM model with wide angle, 60° 
single beam. 

X-ray port near the end means sure 
coverage. Only 10” in diameter, the 
unit is weather-resistant, shock- 
proof and operates on 110 volts. 


For more information: 
Westinghouse X-Ray Department, 
2519 Wilkens Avenue, Baltimore 3, 
Md. You can be sure. . . if it’s 


Westinghouse 
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Theodore B. Mathisen — from 
steel specialist for J. E. Haseltine 
Co., Portland, Ore., to northwest 
sales representative of the Sierra 
Drawn Steel Div. of Bliss & Laugh- 
lin, Inc., with headquarters in Port- 
land. 


C. M. White, retired former chair- 
man of Republic Steel Corp. — re- 
signed as a member of the board of 
directors, a member of the executive 
committee and vice-president of the 
American Iron and Steel Institute. 
The Institute elected him an honor- 
ary vice-president. 


Edward D. Weisert — now a re- 
search specialist in refractory metals, 
materials research section, research 
department, Rocketdyne, a division 
of North American Aviation, Inc., 
Canoga Park, Calif. 


Rupert H. Myers, head of the 
school of metallurgy at the Univer- 
sity of New South Wales, Kensing- 
ton, N.S.W., Australia — re-elected 
president of the Australian Institute 
of Metals (Sydney Branch). 


David V. Ragone, associate pro- 
fessor of chemical engineering at 
the University of Michigan — now 
senior research engineer, Conduc- 
tron Corp., Ann Arbor (Mich.) Div. 
He retains his affiliation with the 
University on a part-time basis. 


Mahlon E. Wood — from assistant 
automotive market manager, Rey- 
nolds Metals Co., to market develop- 
ment engineer for the American 
Zinc Institute, New York. 


Richard J. Williams—now dis- 
trict manager of the Houston, Tex., 
sales territory for Mueller Brass Co., 
Port Huron, N.Y. 


D. C. Hilty — from technical su- 
pervisor and manager, operations 
research, to assistant director of 
development, technology depart- 
ment, Union Carbide Metals Co., 
division of Union Carbide Corp., 
Niagara Falls, N.Y. 


Robert E. Frankenberg — from 
assistant chief metallurgist at the 
York Div., Borg-Warner, Corp., to 
service metallurgist at the Louis- 
ville, Ohio, plant of Jones & 
Laughlin Steel Corp’s Stainless and 
Strip Div. 
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One of 3 Sel-Rex Platers in which Glass-Tite “barrel-piates” over 1-million components a week with Autronex Acid Gold. 


Glass -Tite Industries Improves Transistor -Headers 
Reliability with Autronex* Acid Gold Electroplate 


Wrap transistor-header lead wires around a 40-thousandth 
Re three f Glass-Tite is — mandrel—subject the headers to a scorching 400°C—dip them in 
1-sealed a highly concentrated solution of hydrofluoric, nitric and acetic 

or products in mathe country Leste acids (CP-4) and you have some idea of what Autronex Acid 

Set Gold Electroplate withstands at Glass-Tite Industries, Inc. Provi- 
dence, Rhode Island. Actually, all these “tests” are functional. 
The transistor headers will be subjected to similar conditions by 
military and industrial end-users while becoming critical com- 


components in complex electronic equipment. 


According to Mr. John Newman, Chief Chemical Engineer at 
Glass-Tite, the Autronex Acid Gold Electroplating Process was 
installed because it demonstrated dramatic superiority over other 
materials. On one occasion, Mr. Newman relates, Autronex Gold 
Plated Transistor-Headers were left in the CP-4 etch solution 
overnight—“. . . just to see what would happen.” By morning, 
the glass seals had dissolved, the Autronex Gold Electroplate had 
not been affected. 


The famous glass-to-metal, hermetically sealed transistor bases 
produced by Glass-Tite Industries, end up in multi-million dollar, 
missiles, rockets, and computers. In applications like these, only 
the best is good enough. That’s why Glass-Tite and leading elec- 
tronic component manufacturers the world-over specify Autronex 
Gold Electroplate. 


Sel-Rex are the largest selling Precious Metal Electroplating 
Processes in the world. Free technical literature on request— 
specify application. 


®*Trade mark for Sel-Rex patented Acid Gold Plating Process 


SEL-REX CORPORATION 


Transistor Bases Be NUTLEY 10, NEW JERSEY 
World's largest selling precious metal pleating processes 
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LUBRICATION REPORT 


(TFE coating) 


Problem: To Minimize sliding friction at widely | 
| temperatures. 


Solution: ‘EMRALON® 310 (a tetrafluoroethylene pigmented, 


bonded film lubricant) spray-applied and baked 
300°F. for one hour. 


RESULT: ALL-WEATHER COATING GIVES 
TELESCOPING STAND NEEDED LOW- 
FRICTION SLIDING SURFACES 


This lightweight portable aircraft maintenance stand was developed 
for use by the U. S. military forces by South River Metal Products 
Co., Inc., of South River, N. J. Approximatel 40 lineal feet of 
telescoping surfaces are contained in the stand which elevates to 
13 feet for use, and compacts to a height of only 2 feet for trans- 
porting. Tests showed that the sliding magnesium sections were 
readily subject to galling and seizure. The dry-film coating obtained 
with Acheson’s ‘EMRALON’ 310 provides the necessary lubrication 
through an ambient range from desert heat to Arctic sub-zero 
temperatures . . . and does not cake, evaporate or freeze. 


Perhaps one of Acheson's series of TFE 
coatings can help solve your dry-film lu- 
bricating problem. Write for ‘EMRALON’ 
310 or ‘EMRALON' 320 (air dry) Product 
Data Sheets. Dept. MP-61. 


ACHESON - First name in solid lubricants for fifty-three years. 


AGHESON colloids company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, Inc. 


Sales offices in principal cities. 


Also Acheson Inaustries (Europe) Ltd. and affiliates, London, England 
Circle 2194 on Page 48-B 


Personals . . . 


John R. Steele —from assistant 
manager of the metallurgical divi- 
sion, Air Gas Turbine Div., Westing- 
house Electric Co., Kansas City, Mo., 
to manager of beryllium metal de- 
velopment at the Beryllium Corp., 
Reading, Pa. 


G. W. Snyder —from assistant 
general sales manager, product divi- 
sions, Crucible Steel Co. of America, 
Pittsburgh, to assistant to the vice- 
president, commercial, and director 
of production control. 


Richard G. Horner — from Cum- 
mins Engine Co. Columbus, Ohio, 
to the staff of the Oak Ridge Gaseous 
Diffusion Plant operated by the 
Union Carbide Nuclear Co., a divi- 
sion of Union Carbide Corp. 


Ronald C. Forrest — now section 
head of technical service and de- 
velopment for military applications 
for Dow Metal Products Co. Div. 
of Dow Chemical Co. 


William I. Moore — now sales en- 
gineer for the Beryllium Corp., 
Reading, Pa. 


John H. Prince — from sales serv- 
ice engineer at the Cleveland sales 
branch of Crucible Steel Co. of 
America to manager of Crucible’s 
Erie, Pa., warehouse. 


Elmer J. Cox—from vice-presi- 
dent to president, Pittsburgh Com- 
mercial Heat Treating Co. 


John H. Clarke, manager of the 
systems division, CompuDyne Corp., 
Hatboro, Pa. — elected vice-presi- 
dent of the division. 


Robert Clark—from chief re- 
search metallurgist, Atlas Steels 
Limited, Welland, Ont., to manager 
of process metallurgy, National 
Forge Co., Irvine, Pa. 


Samuel E. Manilych — now sales 
manager for the metal processing 
department of the industrial divi- 
sion, Nopco Chemical Co., Newark, 
NJ. 


George A. Baxter—from plant 
metallurgist, Daystrom-Wiancko En- 
gineering Co., Pasadena, Calif., to 
product engineer, American-Stand- 
ard, Controls Div., Rochester Instru- 
ments California plant, Monrovia, 
Calif. 
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Superior STAINLESS 


foils corrosion—lengthens life 


The Superior Stainless combination of higher 
strength for heavier loads, abrasion resistance 
for longer wear, and corrosion resistance for 
maximum service life and cleaning ease is 
well illustrated in these applications by Atlas 
Chain & Manufacturing Co. Plus values to 
the maker are Superior’s uniform fabricating 
ease and dependability—prompt deliveries— 
close cooperation at all times. Why not enjoy 
these benefits for your stainless strip appli- 
cations? Call us! 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweld Stee! International Company, New York 


ig — j z 3 
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SUPERIOR STEEL DIVISION 
Circle 2195 on Page 48-B 
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--- Interpretative Reports of World-Wide Developments 


Nuclear Experts Meet 
on West Coast 


Report on the winter meeting 
of the American Nuclear Soci- 
ety, December 1960, San Fran- 
cisco. 


T THIS MEETING, a total of 331 
papers, presented in 41 technical 
sessions, covered practically every 
aspect of nuclear science and en- 
gineering. A number of the sessions 
provided interesting information on 
the use of metals and alloys for 
nuclear applications. For example, 
there were papers on fuel element 
engineering, radiation damage, cor- 
rosion of metals, reactor engineering, 
metallurgy and fuel manufacture. 


Corrosion of Metals in Molten U-Bi 


Much corrosion information was 
given. Corrosion of carbon steel and 
low Cr-Mo steels, for instance, was 
said to be considerably accelerated 
in fissioning uranium-bismuth solu- 
tions. Moreover, by adding zircon- 
ium up to 1000 ppm. in the solution, 
heavy intergranular corrosion attack 
is reduced to a less severe general 
attack. 

In experimental work at Brook- 
haven, pure molybdenum and 0.5% 
Ti molybdenum alloy were exposed 
to and severely attacked by the fis- 
sion heat of U-235 at 975 to 1200° 


F. After exposing pure tantalum to 
a uranium-bismuth solution at 975° 
F. for 90 days, no corrosion was ob- 
served. 


Metallurgy and Fuel Manufacture 


A paper by P. Vachet described 
the purification of beryllium by an 
electrolytic refining process. Im- 
purities are responsible for brittle- 
ness in beryllium; they can be re- 
moved to a marked degree by elec- 
trorefining using the soluble anode 
principle. A cell similar to a primary 
electrolysis cell is used with an 
NaCl-BeCl. electrolyte. The anode 
consists of a metal basket containing 
the beryllium that is to be refined, 
and a nickel cathode is the wall of 
the cell. To avoid contaminating 
the beryllium, all preparatory opera- 
tions — melting, turning, milling, 
sifting and compressing — are done 
in argon. The ball mill is beryllium- 
lined and has beryllium rollers. 
Analysis of electrolytically refined 
beryllium shows that it has a total 
impurity content of 440 ppm. This 
compares with 6300 ppm. in com- 
mercial beryllium. There is a cor- 
responding improvement in ductility 
of the refined beryllium (6.5% elong- 
ation) as compared with commercial 
beryllium (1 to 2%). 

A paper from Sylvania-Corning 
Nuclear Corp. was concerned with 
the preparation of yttrium-uranium 


alloys for use as high-temperature 
fuel elements. These two elements 
are completely immiscible in both 
the solid and liquid states. There- 
fore, a series of binary alloys con- 
sists of a dispersion of one in a 
matrix of the other. The advantages 
of this fuel material, not found in 
ordinary metallic fuels, are: (a) im- 
proved dimensional stability and 
resistance to thermal cycling, (b) 
good mechanical properties and high 
thermal conductivity, (c) inability to 
form brittle intermetallic com- 
pounds, (d) higher melting points 
which permit higher operating tem- 
peratures, and (e) simplified reproc- 
essing since uranium can be sep- 
arated from yttrium by melting. 
Vacuum induction melting and 
casting of thorium-rich thorium- 
uranium alloys at Atomics Inter- 
national was discussed. This work is 
aimed at developing a low-cost 
method of producing castings to be 
used in experimental reactors. For 
low cost, graphite crucibles are used. 
To prevent carbon pickup in the 
alloys, refractory oxide coatings are 
applied to the graphite. Four 
oxides — Y,O,, ThO., ZrO., and 
BeO — were evaluated. The Y,O, 
coating is more effective than a 
ThO, or BeO coating. ZrO, coat- 
ings stabilized with Y,O, are 90% 
as effective as Y,O, alone. Flame- 
sprayed ZrO., stabilized with CaO, 
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for Strength 
. . . Economy 
. » Versatility 


Bread Slots in GE Toaster Shell 


This blanking and drawing die, made 
from Bethlehem Air-4 tool steel, 
forms bread slots in .030-in. steel 
sheet for a General Electrie auto- 
matie toaster. Hardened to Rockwell 
C 59, the die sections were made by 
Yarema Bros. Tool & Die Co., Allen- 
town, Pa. They were pleased with 
Air-4 for two reasons—minimum dis- 
tortion during heat-treatment, and 
easy machinability. 


Hardens in Air at 1550 F 


One of the big advantages of Air-4, 
Bethlehem’s new free-machining me- 
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dium-alloy tool steel, is its ability to 
harden in air at low temperature 
—about 1550 F. Air-4 has excep- 
tional free-machining characteristics 
because just the right amount of lead 
has been added. It has high wear- 
resistance, excellent toughness, and 
deep-hardening properties — every- 
thing you need for economical tool 
service. 

Our booklet on air-hardening steels 
includes full data on Air-4. For your 
copy, write to Publications Depart- 
ment, Bethlehem Steel Company, 
Bethlehem, Pa. Ask fer Booklet 548. 


Circle 2196 on Page 48-8 


Steel 


BETHLEHEM TOOL STEEL 


ENGINEER SAYS: 


Lehigh H Is the Work-Horse 
Of the Cold-Extrusion Industry 


Bethlehem’s Lehigh H, a high-car- 
bon, high-chromium (AISI type D-2) 
tool steel, is the most widely used 
tool steel in the cold-extrusion in- 
dustry. And for good reasons. Lehigh 
H has an unusually good combination 
of properties: high compressive 
strength, deep hardenability, and 
high resistance to wear. 

Lehigh H is used for a wide vari- 
ety of cold-extrusion tools, such as 
punches and mandrels which are sub- 
ject to compressive loads or abrasion. 
Whenever it is used for containers, 
bushings, or similar parts which are 
subjected mainly to tensile loads, it is 
supported by an external shrink ring. 

Cold-extrusion tools of Lehigh H 
are usually made to a hardness of 
Rockwell C 58-60. Occasionally they 
are tempered back to C 55 to avoid 
breakage. Using a hardness above C 
60 is not recommended, because such 
a hardness is obtained only at a sacri- 
fice of proper tempering. 


COLD-HEADING DIE STEEL 
SPEEDS HEADING OF SCREW BLANKS 
These gripper dies are used by South- 
ern Screw Company in forming 
blanks from steel wire. The dies, made 
of Bethlehem Cold-Heading Quality 
tool steel, produce about 150,000 
blanks before redressing is required. 
Bethlehem Cold-Heading steel resists 
shock because it is carefully con- 
trolled for hardenability. It also has 
a carbon range selected to give good 
wear-resistance and high toughness. 
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COLUMBIUM-TREATED CARBON STEEL 


CUTS DEAD WEIGHT 10% IN NEW 


Bringing important new economies to rail shipment of automobiles, this new tri-level auto 
carrier holds twelve standard cars or mixed loads of 14 standards and compacts. Capacity is 
VERSATILETY increased up to 75%. A unique system of hydraulically positioning the vehicles on three levels 
That's the Beauty of gives a clearance of only 16 feet 8 inches, permits use in areas formerly limited to bi-level unit 
operation because of clearance requirements. @ Key feature of the Multi-Car Carrier is the 
movable decks on which the cars ride. Made of GLX-W columbium-treated steel, the decks are 
raised and lowered by built-in hydraulic lifts, actuated by a portable power unit. Here light 
weight was essential, in order to reduce the operating power requirements. Yet great strength 
was necessary, too, to support the payload. Finally, design of the decks called for eight bends 
in each section. So formability was also a must. « GLX-W met and exceeded all these require- 
ments. It gives 50-100% greater strength than mild carbon steel, so builder Whitehead and 
Kales could get the required strength with less weight. Deck operating units need less power, 


Great Lakes Steel is a Division of 
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Multi-Car Carrier built by Whitehead and Kales for Multi-Car Corporation, Detroit, Michigan 


TRI-LEVEL AUTO CARRIER 


and total weight is reduced approximately 5,000 pounds or 10%. Production 
is more economical, too, because the ductility and formability of GLX-W 
perinits four of the bends in the deck to be performed in one press operation. 
The GLX-W series of high-strength steels consists of fine-grained, semi-killed 
mild carbon steels, treated with varying amounts of columbium. The high 
strength of GLX-W permits designers to reduce the amount of steel and effect : = 
considerable cost savings when replacing mild carbon steel. GLX-W steels have ha PEmoInG 
a low carbon content and are readily weldable and formable. GLX-W steels 
are available at four minimum yield strength levels: 45,000, 50,000, 55,000 and A PRODUCT OF 

60,000 p.s.i. and in sheets, plates and bars. For complete technical information, 

write Great Lakes Steel Corporation, Product Development, Dept. MP-9, G R EAT LA KES s) TE EL 
P. O. Box 7310, Detroit 2, Michigan. Detroit 2, Michigan 


NATIONAL STEEL CORPORATION 
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Nuclear Experts . . . 


appears to be the most effective 
coating, with only 400 ppm. carbon 
pickup. 

Another interesting program was 
concerned with the development of 
core-cladding materials with greater 
strength than stainless steel, but 
compatible with the fuels employed. 
Columbium alloys were selected be- 
cause of the absence of a low-melt- 


ing eutectic with plutonium. Two 
binary alloy systems were investi- 
gated: (a) columbium plus 1.08%, 
1.34, 1.84 and 3.21 Cr; and (b) co- 
lumbium plus 2.74%, 3.34, and 4.33 
Zr. Tensile tests at 1200, 1470 and 
1830° F. showed that both chrom- 
ium and zirconium markedly in- 
crease the tensile strength of colum- 
bium. About 3.2% Cr gives the 
maximum elevated-temperature ten- 
sile strength. All of the alloys ap- 
pear to have reasonably good ductil- 


ity in spot and butt welded joints. 
The alloys recrystallized between 
1800 and 2100° F. Preliminary 
corrosion tests in sodium at 1200° 
F. indicate serious attack is not likely 
to occur. The investigation yielded 
data indicating that the addition of 
chromium or zirconium to colum- 
bium should provide an acceptable 
cladding material. 

Uranium alloy fuel elements for 
the Hallam Nuclear Power Facility 
were also discussed. The first core 


loading will consist of a cluster of 
sodium-bonded 10% Mo uranium 
fuel rods clad with stainless steel. 
Data obtained on 100 fuel slugs, 
aoa vacuum cast in graphite molds 
coated with magnesium zirconate, 
indicate quality is satisfactory. 
: Liquid pouring of sodium to fill the 
fuel rods is satisfactory and results 
in good sodium bonding. Testing of 
cladding on the fuel rod assemblies 
containing stainless steel support 
springs showed the springs can re- 
sist external pressure caused by so- 
dium bonding. Testing of cladding 
on the fuel rod assemblies contain- 
ing stainless steel support springs 
showed the springs can resist exter- 
nal pressure caused by sodium react- 
ing with water in the wash cells used 
for cleaning irradiated elements. 


Reactor Engineering 


This session included presentation 
of data on the use of laminated steel 
construction in the Saxton Reactor 
vessel for a commercial nuclear 
power plant. The vessel is 20 ft. 
long with a 58 in. inside diameter 
and is designed to operate at 2500 
psi. and 650° F. The main cylin- 
drical shell consists of a %-in. thick 
austenitic stainless inner ring, 
wrapped with 18 layers of carbon 
steel plate, %-in. thick, which gives 
a total shell thickness of 5 in. 

Laminated construction was se- 
lected for several reasons. Thinner 
carbon steel plates have better prop- 
erties than thicker plates. A favor- 
able stress distribution through the 
wall of the vessel is obtained by pre- 
compression built into the inner 
layers of the shell during manufac- 
turing. The outer shell layers are 
vented, providing an automatic 
safety device, since only the clad 
inner barrel serves as the fluid con- 
tainer. Deviations from the A.S.M.E. 
Pressure Vessel Code have been 
checked by ultrasonic techniques, 

(Continued on p. 150) 


DON'T GET IN A SWEAT ABOUT 
TEMPERATURE CONTROL... standardize on Bristol 


pyrometer supplies and solve the problem, once and for all. 


Everyone knows how interrupted pyrometer service can cut production, 
increase costs, impair product quality and whittle away at profits. Good 
way to minimize or stop these troubles: Lay in a supply of Bristol’s thermo- 
couples, protection tubes, radiation-unit accessories, refractory insulators, 
mounting fixtures, thermocouple extension wire, switches, and ink. They’re 
available in sizes and types to fit all standard installations. 

The outstanding quality and superlative reliability of Bristol pyrometer 
accessories is the product of more than 70 years of instrument building, 
55 years of industrial pyrometry. 

Write for complete data on Bristol pyrometer accessories today. The 
Bristol Company, 155 Bristol Road, Waterbury 20, Conn. 

+». for improved production 


BRIS Y OL through measurement and controi 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
Circle 2198 on Page 48-8 
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From the simplest 


PROGRESS 


SHAPES To Your 
Specifications 


} 
«Send for stock die catalog 
| or send rough sketches for 
_ heip with your design. 
JARL EXTRUSIONS, INC. 


Dept. MP, Linden Ave. + East Rochester, N. Y. 
Circle 36 on Page 48-B 
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product defects 


@ Now with the TENSILTWINS, what- “™ 

ever your testing methods or materials, 

you can have perfect precision ma- 

chined physical test speciments in less 

than two minutes. 

@ TENSILKUT precision machines all foil, film, sheet 
and plate metals . . from .0005” foil to 500” plate. Hard 
.001 stainiess stee! foil to soft Ye” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in 500” plate, are machined with specimen configura- 


JINVNUA 


tions accurate to * .0005”. Machined edges are com- - 9 
pletely free of cold -working or heat distortion and re- e Tin ou own 
quire no hand finishing e 


@ TENSILKUT table and floor models are available with r i 
motors from ¥2 to 2¥2 h.p. Write for free brochure, The features listed below ore but a 


few of the in-built advantages of the let us help YOU wae 


LUCIFER 2055 SERIES. find hidden cracks 


© Eliminat t Pp ic pr bl 
(oxidation, scaling and with magnetic particle or dye 


decarburization) penetrant inspection equipment 
* Rapid constant heat 
* Choice of 10 models find deep-lying defects 
* Heat ranges to 1,700° F. with x-ray or gamma 
* All controls included radiography equipment 


(automatic indicating controller, 
selector switch with two thermocouples) y see “innards” directly 
* Quick easy installation with bright-image fluoroscopes 
* Low initial cost... low upkeep 


* Top production performance work out the method 


ar with unskilled labor at our Industrial Applications Lab 
Minimum replacement down-time 
Lucifer Furnaces, Inc., manufacturers call any local Picker office 


many standard electric heat 
treating furnaces and maintains 
a design department to create 
special units. For engineering 
assistance, parts or product 
information write or call... 
LUCIFER FURNACES, INC. 
Neshaminy 7, Pennsylvania 
Diamond 3-0411 

Write for descriptive literature, 


PICKER X-RAY CORPORATION 
SIEBURG INDUSTRIES weorroraren FURNACES 25 So. Broadway, White Plains, N.Y, 


Danbury Industrial Park, Danbury, Connecticut 
Circle Page 48-8 Circle 38 on Page 48-B Circle 39 on Page 48-8 


where a technical expert is always near 
(see ‘phone book) or write 


@ TENSILGRIND precision grinds phys- 

ical test specimens from high alloy 

refractory metals and hardened sheet 

and plate metals to RC 65. 

@ The test samples are precision ground by a series of 
light passes of the metal against a 7 inch diameter 
contoured grinding wheel. The matched master templates 
accprately control the specimen configurations to 
*.0005” and are interchangeable with TENSILKUT tem- 
plates. 

@ TENSILGRIND is mounted on a metal cabinet and 
includes a totally enclosed ¥Y2 HP motor, micrometer 
adjustments, built in radial diamond wheel dresser, and 
solenoid controtied misting system to insure cool grind- 
ing of test specimen edges. 


Ad 


37 on 


METAL PROGRESS 145 


| | 
U.S. Potent No. 2,896.5 
2 
fie 
— 
a 
< 
| 


AQUEOUS. "SYSTEM 


Eliminates RUST 
& 


Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
"755 BOYLSTON STREET 
BOSTON 16, MASS 


Circle 40 on Page 48-B 


DO YOU HAVE AN IDEA... 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 

MADE BETTER OR CHEAPER 
BY ALUMINUM EXTRUDING? 


Bring your idea to specialists in 
adapting aluminum extrusions 
to new functional parts applica- 
tions. G.E.1.’s engineers are 
ready to consult with you, with- 
out obligation, on one part or 
a million. 


GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 
les Offices at St. Louis, Cincinnati, Pittsburgh, Cleve- 
land, and Chattanooga wit your classified phone 
book under Aluminum Products. 


Circle 41 on Page 48-B 


100,000 
METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH 


_ DISA- ELECTROPOL 


®@ Quick exchange of electrolytes 

© “On the spot’ polishing 
attachment 

includ ts for 
external etching 

® Increased polishing area 


Literature 

WILLIAM J. HACKER & CO., INC. 

Box 646, West Caldwell, N. J. Capitol 6-8450 
Circle 42 on Page 48-B 
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MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for production testing 
of steel bars, wire rod, and tubing. Detects 
surface and sub-surface flaws and variations 
in composition and physical properties at 
speeds of 120 ft. per minute. 


Wa nt Precise 


Investment Castings? 


Cet High Production 
with Finer Finish! 


Uco @ Sherwood Wax Injection 


Presses, 
@ Saunders “Blue Wax”, 
@ Refractory Materials 
@ Fluidized Beds, 

@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 
or complete catalog! 


MULTI AND SINGLE 
FREQUENCY EQUIPMENT 


Eddy current equipment for testing non- 
magnetic metal tubing, bars and wire, Ye” 
to 3” in diameter, for surface and sub- 
surface flaws, at speeds from 200 to 600 
ft. per minute. Multi-Frequency unit offers 6 
simultaneous inspection methods, including 
2 for indicating variations in mechanical, 
physical and metallurgical properties. Single 
Frequency unit offers 1 inspection method, 
and when used with D.C. energization, tests 
both magnetic and non-magnetic materials. 


ROTOTESTER EQUIPMENT 


Electronic equipment for inspecting drawn 
coiled steel wire, from 4%” to 1”, at die 
block. Detects flaws at normal draw speeds 
without marring material surface, 


COMPARATORS AND 
METAL TESTERS 


Electronic instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
structure. 


Alexander Saunders 


& CO., INC. 
95 Bedford Street, New York 14, N. Y. 


Circle 44 on Page 48-B 


KENTERON 


Applies 1 to 10,000 gram loads 
Write for Bulletin 

Kent Cliff Laboratories Div. 

The Torsion Balance Company 


CLIFTON NEW JERSEY 
Circle 45 on Page 48-B 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi 
Method Equipment, inspection and demagne- 
tization are simultaneous. 


MAGNETISM DETECTORS 


{nexpensive pocket meters for indicating — 
residual magnetism in ferrous materials and 


42-44 Twollth St, Long Island City tM. ¥. 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zine 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Canada—Hamilton, Ontario 
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INSPECTION: 
SORTING 
DEMAGNETIZING 
: 
. 
| | 
HARDNESS TESTER 
: 
‘AT 
é 


WRITE, WIRE or PHONE . 
FOR YOUR CATALOG 


Star Stainiess 
screws 


4 bright. head: 


Sran srainzess scatw co. 

47 Union Bivd., Paterson 2, N. J. 
CLifford6-2300¢TWX :LTFSNJ-1382 
Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAInut 5-3660 
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CORROSION | 
RESISTANT 


ROLL-AROUND 
ULTRASONIC 
CLEANERS 


These roll-around ultrasonic cleaning units, of 2-13 gallon 
capacities, consist of generator, transducer and counter top 
and are easily moved on large casters. Tanks, with bottom 
transducer coverage from 27-50%, are positioned off-center 
to provide a work area for baskets. 

To operate, simply plug into a 115 volt line. No connection 
to drain or plumbing is required since the cleaners are 
drained by means of a flexible hose. Optional features in- 
clude 2-5 micron filter and heating elements which maintain 
temperatures from ambient to 160°F. 

Units can be used with solvents, detergents, mild acids and 
alkaline cleaners. 

Roll-around ultrasonic cleaners are among the many units featured 
in National Ultrasonic Corporation’s mew 32-page Ultrasonic 
Cleaning Equipment Catalog 60. Write on your company letterhead for a free copy. 


How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
_ total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
Industrial Combustion Division 
1127 Buchanan St., Rockford, Ill. 
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Whitelight 
MAGNESIUM 


RODS dia. to dia. 


your 
BARS, STRIPS .022” min. to 73¢” max 
comprehensive suid SHAPES 02?" min 6%" 
independent circle 
mill source f TUBING 3<” 0.D. to 6” 0.D. 
of magnesium HOLLOW SHAPES \:” to63<” circle 
alley. PLATE & SHEET .092” to 3” thick 


The New WIRETEX Model B-1 TRAY for 

guaer and horizontal type furnaces is 
designed to cut “moving” costs. Tapered 

runners permit riding over the Pt 

surface and obstructions freel 

Rugged arc (not pressure 


Anodes construction assures a long life hy = 
highest temperatures 
Standard units: 34” » ad 
ITE METAL en 2” Jone, 22 wi, 6” 
ROLLING « STAMPING corr. 5 Mason Street, Bridgeport 5, Conn. cvallable. for all your heat treting 
82 Moultrie Warsaw, Ind Specialists in Processing Carriers Since 1932. _ fixtures, and save. 


Los Warehouse: 6601 
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| i “The Best 
= HEAT RESISTING ALLOYS 
QLLEDTILLOVS, INL. "4; 
Phone Walnut’ 1-4462 Phone Clifford 44616 
Circle 50 on Page 48-8 
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the QUENZINE STORY OL 


LOW PRICED, MORE READILY 
AVAILABLE CARBON STEELS best for all 
can often Machining Operations 
replace including Threading, 
ALLOY STEELS Tapping and Broaching 
1 Higher load-carrying capacity 
QUENZINE added. 2 - Lower cost per gallon 
r 3 - Closer tolerance through better 
or Information on 
this new additive and cooling 
4 Higher film strength 
pounds write tO. 5 Finer finish 


Write for sample, data & prices 


ALDRIDGE INDUSTRIAL OILS, INC. ain) 


3401 WEST 140th ST., CLEVELAND 11, OHIO 


Circle 54 on Page 48-B Circle 55 on Page 48-B 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 
to 2000 LBS. 
Never F, 


Scott Model J-5 Tester with ACCR-O-METER ACCURACY 
Electronic Weighing has ideal range for quality CONST 
evaluation of wire, foil, and other thin gage mate- pk | cal 
rials. Economical ACCR-O-METER features strain ton dard 3600kq test 
gage weighing = interchangeable force dividers i er g tes 
for caps. from .5 to 2000 Ibs. Push-button testing. oad . Ls maximum 
Stress-strain data ‘picturized” on strip chart. WV, k plus or minus 
acts on ott Testers, Iinc., 

Blackstone St., ow R. |. Tel: DExter Write for Bulletin 
1-5650 (Area Code 401) No. A-18 


‘hd GRIES INDUSTRIES. INC 


THE SURE TEST... SCOTT! NEW ROCHELLE 3 NY 


= 
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Combination Models—Series H and D 


~ 
uction 
Hardening Range 2000° F and 2300° F 
D F and | 
General Purpose 
up to 10 millionths Medel 


Ten models 2000° F and 2300° F 
range 


direct on copper, brass co 
br Ali standard models include 

n an automatic indicating con- 

troller and are wired ready 


2 to operate on standard line 
and solder plates a voltage. Write for bulletins 
bg A-59 and B-59. 

Electra Products manufactures 
furnaces for semiconductor 
diffusion processes, sintering, 
glass annealing and process- 
es temperatures up 
to 3000° 


Inquiries are invited—no obligation 


Series H & D Series 2000 


ELECTRA PR co. ille, Pa. 
Chicago Office: 7001 No. Clark St. ‘opucts en 408 Montgomeryville, Pa 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


Do you have literature 


searching problems? 


Find out about ASM’s new 
literature searching service. 
The subject of every current 
article about metals in 600 of 
the world’s leading magazines 
is recorded on electronic tape. 
Search may be for a broad 
category or for a particular 
subject. 


Documentation Service 


American Society for Metals 
Metals Park, Novelty, Ohio 
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THE NEW 


DERMITRON 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


elnstantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

eBased on eddy-current principles 

e@Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


e@ Meta! coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@Non-metailic coatings (such as 
paint, anodizing, hard-coat, ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 
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Wilson “Rockwell” 
TWINTESTER 


e Measures both “Rockwell” and 
“Rockwell” Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, “Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Welle to Dept. DU. Ask for Bulletin TT-59 


WILSON “ROCKWELL” 
HARDNESS TESTERS 


Wilson Mechanical co 
instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N.Y. oe 
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JUST RESS 
d READ 


TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

ACCURACY 

M thousands 

Wriie, wire or ‘all fe for 
NEWAGE INDUSTRIES, INC INC. 


222 York Road 
‘Urner 48494 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 
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AO Spencer 10-second 
Photomicrography 


When you use the AO Spencer Photomicrographic Camera equipped with the 
Polaroid® Land Camera back, permanent photographs are ready for your files in 
just 10 seconds. A coupled visual and photographic system lets you shoot what 
you see... quickly and effortlessly. And with the Polaroid back possible errors in 
exposure, illumination or focus can be corrected immediately. 

In addition to the Polaroid Land camera back, you have a choice of 4 other readi/y 
interchangeable camera backs; 4” x 5" fixed back; 4”x 5” Graflok back; 35mm back 
and Bantam back (roll film). You choose the camera back and film best suited to 
your specific requirements. 

Here, the No. 682G Camera is shown being used with the new AO Metalstar 
Metallurgical Microscope .. . an ideal combination. The stage is focusable . . . your 
eye level remains constant ... also, because the vertical illuminator remains at a 
fixed height throughout all focusing adjustments, you can conveniently use an 
external light source in place of the illuminating unit. 

The sturdy vertical pillar, the easily adjustable camera support, the camera back 
and the Metalstar all combine to provide a compact unit. Perfect alignment and 
rigidity is assured .. . successful photomicrography becomes a “snap”. 

Try it and see for yourself. Your AO Representative will be happy to arrange a 
demonstration for you. 


5 


Dept. T119 


graphic Cameras. 


“American Optical 


the new Metalstar. 


Name. 


© Please send me Brochure SB682 describing 
the entire line of AO Spencer Photomicro- 


O Please send me Brochure SB2200 describing 


Com pany 


City 
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Nuclear Experts . 


rather than radiography. The manu- 
facturer has stated that safe stress 
levels and ductility will be main- 
tained without stress relief in this 
laminated vessel. 

At the University of Michigan, an 
electromagnetic pump _ operating 
with various liquid metals is being 
evaluated. An a-c, Faraday-type 
electromagnetic pump was installed 
on a closed-loop pumping system. 
Mercury was the liquid initially se- 
lected for testing, since the pump 
had an austenitic stainless (non- 
magnetic) pump cell. By changing 
to Croloy (2%% Cr) steel, which is 
magnetic, molten bismuth could 
also be pumped through the cell. 
In the electromagnetic pump, the 
ideal characteristics are similar to 
those of a centrifugal pump if volt- 
age is considered analogous to rotat- 
ing speed and pressure rise is con- 
sidered analogous to head rise. 

One departure from the ideal was 
found because of the amount of elec- 
trical surface resistance developed 
between fluid and pump cell. This 
degree of “wettability” appears to 
be quite unpredictable. With 
molten bismuth, wetting occurs only 
after a considerable time interval; 
then pump performance increases 
considerably. Poor wetting exists 
between liquid mercury and both 
Type 347 stainless and Croloy; how- 
ever, this was remedied by tinning 
the inside of the pump with soft 
solder. If air is excluded, pumps 
will perform satisfactorily for sev- 
eral months. In comparing pressure 
versus flow at various voltage levels, 
sodium-potassium performance was 
best; next came mercury, consider- 
ably lower in performance, and bis- 
muth, which was lowest. 


Fuel Element Engineering 


An interesting program covered in 
this session involved measurement 
of thermal conductivity of metal-clad 
uranium oxide fuel rods during ir- 
radiation. 

It was found that conductance be- 
tween UO, and the cladding is 
insensitive to the gas medium within 
the clad fuel element. This is im- 
portant since it eliminates the neces- 
sity for a high-conductivity gas bond 
between the sintered oxide fuel ele- 
ment and the clad layer. Further, 
this work indicates there will be no 
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For high strength without excessive weight, the designer of 
this heavy truck chose Tenzaloy for the front engine supporting frame. 


Why TENZALOY is the most widely used 
high-strength aluminum casting alloy 


Among high-strength, self-aging aluminum casting alloys, Tenzaloy has 
won greatest acceptance and widest use by designers because of its unique 
all-round combination of properties. Outstanding among these special 
qualities are: 

e High yield and tensile strength, combined with adequate ductility 

e Exceptional machinability 

e Remarkable dimensional stability 

e High impact, shock resistance 


When Tenzaloy is specified, one big problem is eliminated: heat treatment. 
Without any artificial thermal treatment, Tenzaloy castings will pre- 2 coat, 
cipitation-harden at room temperature to give properties normally obtain- es 
able only by the expensive solution treating, quenching, and artificial a +4 
aging of the heat-treatable alloys. ee é 
Here are typical properties for Federated Tenzaloy: . Rap 
Impact strength (Charpy in ft.-lbs.) : Soe 


Tenzaloy also is corrosion resistant, has superior ductility, and is easily 
anodized, dyed and polished to brilliant decorative finishes. Castability is 
excellent in green sand, plaster, investment, shell, oil-bonded sand and 
precision molds of all kinds. No special techniques are required for handling 
Tenzaloy in the foundry. Since Tenzaloy has mechanical properties equiva- 
- lent to such common heat-treated alloys as 195T6, 355T6, 356T6 and 319T6, 
it can be substituted in applications where any of these heat-treated alloys 
are presently used. 
It is particularly suited to high-strength designs where load carrying 
capacity and impact strength are essential. For example: frames, brackets, 
levers, bases, housings, missile ground handling equipment, jet aircraft 
turntables, explosion-proof enclosures, heavy-duty wheel hubs and cable 
drums, to name a representative few. 
Tenzaloy can widen your design possibilities, increase production effi- 
ciency, improve your products, reduce costs. Get complete facts on its 
physical and mechanical properties by writing for Bulletin No. 103 R5 to: 
Federated Metals Division, oe Smelting and Refining Company, 120 
Broadway, New York 5, N. Y 


FEDERATED METALS DIV AS ARG O 


American Smelting and Refining Company 
120 Broadway, New York 5, N. 


¥ 
5 
| 
a 
: 
if 


The Problem: To creat 
endure extremely high tempera 


| hermocouple housing that will 
uges without damage to the housing. 


The solution: A CHROMALLIZED molybdenum thermocouple 
housing. This housing withstands temperatures up to 4100°F. Other 
applications are structural parts for re-entry vehicles, high tem- 
perature testing grips, and ramjet engine components. 


What is Chromallizing? 

A proven process for diffusing chromium and other elements into 
the surface provides an alloy case which is integral with the base 
metal. It can't peel or flake. the chromium and other elements 
diffuse uniformly into recesses, pores, cracks and even blind holes. 


CHROMALLIZING processes are also being used to protect super- 
alloys for jet engine parts and to protect ordinary steel against wear, 
oxidation and corrosion. 


WRITE FOR ILLUSTRATED BULLETIN-PC 


hromal loy corporation 


169 WESTERN HIGHWAY, WEST NYACK, N. Y. 
ELmwood 8-5900 
CHROMIZING CORPORATION, HAWTHORNE, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propellents, cartridge actuated devices, explosives and special chemicals. 
ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings 
SINTERCAST DIVISION, WEST NYACK, N. Y. Machinable carbides & nuclear materials. 
SHUNK MANUFACTURING CO., INC., BUCYRUS, OHIO, Replaceable 
blades for road construction and maintenance equipment. 
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deterioration in performance during 
fuel element life due to changes in 
gas composition within the element. 
Also, it was shown that the use of a 
purified uranium oxide will increase 
thermal conductivity of UO,, there- 
by increasing efficiency. Thermal 
conductivity of UO, is apparently 
unaffected by irradiation, at least at 
temperatures about 930° F. up to a 
“burnup” of 4 x 10'® fissions per 
cu.cm. 


Radiation Effects 


This session presented information 
on radiation damage in steels. Radi- 
ation damage to structural members 
in reactors is primarily due to inter- 
action of fast neutrons with lattice 
atoms. Exposure causes embrittle- 
ment in steel and other metals by 
displacement of atoms from their 
positions in the lattice. A neutron 
having 1 mev. of energy can cause 
many lattice displacements in a 
localized region if it collides with a 
nucleus to which it transfers even a 
small fraction of its kinetic energy. 
The average number of defects pro- 
duced by any one neutron is propor- 
tional to the product of the cross sec- 
tion for elastic scattering by target 
atoms and the neutron energy. It is 
possible to make realistic compari- 
sons between damage rates in differ- 
ent reactor facilities, and studies of 
samples embrittled in the Materials 
Test Reactor core can be used to 
predict when the operating life of 
a steel pressure vessel must be cur- 
tailed due to embrittlement. 

R. C. BERTOSSA 


Uses for Depleted 
Uranium 


Digest of “Potential Nonnu- 
clear Uses for Depleted Urani- 
um”, by H. W. Nelson and R. L. 
Carmichael, U. S. Atomic En- 
ergy Commission Report TID- 
8203, Jan. 29, 1960. 


ARLY METALLURGICAL RESEARCH 

and development of uranium 
applications was discouraged by an 
inadequate supply and the high cost 
of the metal. Moreover, the tech- 
nology of the whole family of reac- 
tive metals was much less advanced 
than it is now. Today, in contrast, 
an ever-increasing supply of uranium 
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LOW TEMPERATURE SILVER 4 
BRAZING ALLOYS AND FLUXES 


Select a brazing alloy “tailored” to your precise re- 
quirements from the complete line of Silvaloy Low Tem- 
perature silver brazing alloys and fluxes. Silvaloy bond 
is as strong or stronger than the metals joined... avail- 
able in wire, coil, strip, plymetal or preformed shape 
most convenient and economical for your production 
procedure. + Silvaloy is used by the country's leading 
manufacturers to speed and simplify production, to as- 
sure highest quality work, at lowest cost. Write for 
literature. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 


TO = .001 INCH DIMENSIONS 


New Makepeace development produces contoured 
strip stock with cross sections formed of one or more 
curved surfaces to tolerances as close as + .001”—with 
temper fully controlled. Finishes down to 8 micro-inches 
maintained . . . blending of multiple radii accomplished 
with minimum varation. Extremely intricate angles and 
combinations rolled into rod, wire, tubing and sheet. 
Any cold-workable material suited to process, i.e., alu- 
minum, copper-base alloys, stainless steels, waspalloy, 
titanium, cobalt-nickel alloys, inconel and monel. Con- 
toured stock parts ideal for machinery, appliances, en- 
gines and fittings. 


D. E. MAKEPEACE DIVISION 
PINE & DUNHAM STREET * ATTLEBORO, MASS. 


JUNE 1961 


EXPENDABLE IMMERSION THERMOCOUPLE 
FOR MOLTEN METAL PYROMETRY 


New Engelhard development for efficient, accurate 
measurement of steel temperatures in open hearth and 
electric furnaces provides an inexpensive throw away 
platinum thermocouple which is readily inserted in 
holding handle designed for convenient use of opera- 
tor. To greatly reduce operating costs, the thermo- 
couple is designed so that connector is never exposed 
to the molten metal. Protected in the furnace by mul- 
tiple layers of cardboard, it is virtually indestructible. 


INDUSTRIAL EQUIPMENT 


INSTRUMENTS AND SYSTEMS SECTION 


850 PASSAIC AVENUE * E. NEW 


4 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES +» NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


Please send literature as indicated below, 
addressed to my attention: 


(0 Expendable Thermocouple [) Contour Rolled Stock 


(] Silver Brazing Alloys and Fluxes 
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— minus the fissionable isotope Us35 
—is generating renewed interest in 
uses for the metal. 

As a nuclear byproduct, the future 
supply of uranium is now assured. 
A recent cost figure is $4.85 per Ib., 
a price which can be expected to 
drop to around $2 per lb. of con- 
tained uranium if a_ reasonable 
market develops for it. This is in 
the price range of tungsten and 
molybdenum additions for steel. 

At any rate this report considers 
many possible industrial uses, some 
of which are extensions of prior prac- 
tices. Others, of course, will require 


further research to establish their 
technical feasibility. 

The two elements now used for 
spheroidizing graphite in making 
nodular iron are magnesium and 
cerium. Scientists feel that the 
spheroidizing ability of these ele- 
ments is related to their strong 
sulphide-forming tendencies. Since 
uranium is known to be a strong 
sulphide former, it could prove to be 
a superior nodulizing agent. The 
high melting point of uranium sul- 
phide — above 2000° C. (3630° F.) 
— is a factor favoring use of the ele- 
ment for this application. 

The compounds of uranium — ox- 
dies, nitrides, carbides and sulphides 
—are very stable. This suggests 


He's Watching a Band Sawing Miracle 


This band saw operator at the Bell & Gossett 
Company plant in Morton Grove, Illinois, is 
watching “Controlled Accuracy”. . . accuracy, 
being held to within a few thousandths of being 
perfectly straight, and he can actually see the 
band blade being guided in the saw cut to pro- 
duce this accuracy! No further machining is re- 
quired before the pipe is welded into an assem- 
bly for a Bell & Gossett Heat Exchanger Unit. 

Band sawing accuracy like this is nothing 
short of miraculous—especially when it can be 
done on a high production basis, as Bell & 
Gossett is doing. And when the same tolerances 
can be held on cut-off pieces from 2” to 18” 
in diameter, this Marve #81 Band Saw Ma- 
chine can be truly called a precision machine tool. 

The secret of this amazing sawing accuracy 
is in the Marvet “sure-Line” Automatic Accu- 
racy Control—a simple and extremely effective 


ARMSTRONG-BLUM MANUFACTURING CO., 
5700 West Bloomingdale Avenue « Chicago 3%, Illinois 


electro-mechanical servo-mechanism that con- 
tinuously senses and automatically corrects any 
tendency of a band blade to drift to either side 
of a desired line of cut. The “sure-Line” unit 
literally “steers” the blade to make a straight 
cut. This permits the use of heavier feed pres- 
sures and, when desirable, higher blade speeds, 
to do the work faster, without sacrifice of ac- 
curacy. Incorporated in the new Marvet #81 
Series High Speed Heavy Duty Hydraulic Band 
Saws, the “sure-Line” permits full utilization 
of all the advantages of high speed steel band 
saw blades—while extending their usable blade 
life as much as 50%. 


Before you buy ony bond saw machine, get complete 
details on MARVEL #81 Series Single Cut, or Automatic 
Shuttle Type Bor Feed Production Band Saws—the 
machines DESIGNED AND BUILT TO REDUCE SAWING 
COSTS. Write for catalog today. 


Cirele 2230 on Page 48-B 


154 


many metallurgical applications. In 
steel, uranium can tie up the sul- 
phur; this will help reduce brittle- 
ness. As a primary deoxidizer for 
steel, uranium cannot at present 
compete economically with alumi- 
num or silicon. But in some non- 
ferrous alloys its cost would be small 
compared to the cost of the base 
metal, particularly if it imparts fur- 
ther special benefits. Also, the ability 
of uranium to tie up nitrogen, along 
with its ability to control melting 
point and shape of sulphide inclu- 
sions, may make uranium a desirable 
addition to steel. 

Tungsten, an element often used 
as the base for heavy alloys, must be 
formed by powder-metallurgy meth- 
ods because its melting point is 
extremely high. However, a fully 
consolidated shape can be obtained 
without applied pressure in a W-Ni- 
Cu alloy by liquid phase diffusion 
at reasonably low temperatures. 
After sintering, the density of the 
alloy is 17.0 g. per cc. (compared to 
19.3 for pure tungsten). A 10% U 
tungsten alloy is metallurgically 
feasible, and would produce a den- 
sity of 19.2 g. per cc.-a 20% 
increase in density. 

Uranium forms a stable carbide, 
UC, which does not dissolve in iron 
within the useful operating range of 
toolsteels. This is a very desirable 
characteristic. A secondary tem- 
pering effect in 5% Cr hot work die 
steels has also been attributed to 
uranium. 

The higher the atomic number of 
an element, the less gamma-ray pen- 
etration. Lead is now used as the 
shielding material in nuclear reac- 
tors. However, uranium, with its 
higher atomic number, is superior 
to lead on a weight-for-weight basis. 
Uranium can also be cast and 
worked, and is stronger than lead. 
The use of uranium shielding also 
constitutes stock-piling — worth con- 
sidering as a conservation and na- 
tional defense measure. 


Binary Alloy Systems 


Possible applications for some two- 
component metal systems based on 
a study of phase diagrams are: 

U-Cb— Alloy development. A 
single-phase field extends across the 
entire diagram above 1000° C. 
(1830° F.) making this system of 
special interest. 

U-Ti — Heat 
alloys. 


treatable Ti-base 
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Meters De-Soldered Faster 


Operator removes top meter panel 
from tray where it has fallen 
after being de-soldered. 


Photo courtesy—East Ohio Gas Co.—Cleveland, Ohio 


with TOCCO™ Induction Heating 


In just 60 seconds panels are removed for repair 
of gas meters—a job which formerly required up 
to 15 minutes with a conventional soldering iron. 
East Ohio Gas Co.’s 7% kw 10,000 c. p.s. TOCCO 
unit has been giving trouble-free operation for 13 
years—handling about 75,000 meters per year. 

All sizes of meter panels, from 8” x 12” to 
30” x 30”, are de-soldered with only four 
different induction coils. Changing coils takes 
about three minutes. 

If you have a job involving disassembly, joining 
—or for that matter, the heating of metals for 
almost any purpose—look to TOCCO for fast, 
economical results. 
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| The Ohio Crankshaft Co. + Dept. R-6, Cleveland 5, Ohio 1 
| Please send copy of “Typical Results of TOCCO Induction Brazing ! 
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maybe not enough! 


But don’t be half-sure. Call your CMA Counselman 
for all the facts. He can help you uncover new efficien- 
cies, new applications, new areas where metallic abra- 
sive blasting equipment can be used to your greater 
advantage. 


The CMA Counselman is a technological service 
extension of CMA’s research, development, manufac- 
turing facilities and experience in producing iron and 
steel abrasive shot and grit. 


Your call to CMA will bring a Counselman who is a 
specialist to your industry — specifically steel mills, 
foundries, enameling plants, and forge shops. As a 
specialist, your Counselman is industry-oriented; he is 
a qualified consultant in subjects of metallurgy, engi- 
neering, and production; he makes available to you 
assistance in selecting equipment and components, 
advising techniques, specifying materials. 


For immediate information and service, phone Cleve- 
land, HEnderson 1-0900, or write. 


CLEVELAND is the name and the place for 
PERSUASIVE ABRASIVES 


LEVELAND 
ETAL 
BRASIVE COMPANY 


World's Largest Production Capacity 
GENERAL OFFICE: 888 East 67th Street + Cleveland 3, Ohio 
PLANTS: AT Howell, Michigan; Toledo; Cleveland « Teletype: CV 903 
Circle 2232 on Page 48-B 
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U-Zr — Hardenable zirconium 
alloys. 

U-Au — Hardenable alloys of gold. 

U-Ta — Age hardenable tantalum 
alloys. 

U-Mo — Alloys with up to 20% 
Mo for use in reactors and other 
applications. Fine oxide, carbide, 
and nitride dispersions can impart 
high-temperature strength to molyb- 
denum-base alloys. 


Bearing Metals 


Dispersions of UPb;, USn;, or 
UCu,, in softer matrices — similar to 
SbSn or CuSn dispersions in babbitt 
metal bearings — are already under 
investigation by the U.S. Bureau 
of Mines. F.L.S. 


Heat Reflections in 
Forging 


Digest of “Heat Reflections in 
Forging”, by A. R. Hardy and 
J. D. Stringer, Journal of the 
Iron and Steel Institute, Novem- 
ber 1959, p. 227-231. 


ETHODS FOR IMPROVING the heat- 

ing efficiencies in forging proc- 
esses are being sought in both 
furnace design and faster heating 
since heating costs have risen in 
recent years. A somewhat unortho- 
dox approach to fuel saving is to 
retard the cooling of the hot metal 
during the actual forging operation, 
thereby reducing the amount of 
heat needed. The primary cause of 
heat loss from a forging above 800° 
C. (1470° F.) is radiation, and the 
possibility of reducing this loss by 
the use of reflectors was considered 
sufficiently promising to warrant 
further investigation. 

Low-carbon steel bars were used 
for the tests. Thermocouple holes 
were drilled in each bar at mid- 
length. The bars were heated to 
1250° C. (2280° F.) in a gas-fired 
furnace, and held for 30 min. to 
insure temperature equalization. 
Then they were removed from the 
furnace and allowed to cool either 
in air or coaxially within a reflector 
tube. (Tubes were aluminum or 
stainless steel of varying diameters 
fabricated from sheet metal about 
0.030 in. thick.) Surface and center 
temperatures of the bars were con- 
tinuously recorded during cooling, 
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For a quick answer 
to Exothermic Alloy addition problems 


You don’t need an electronic brain to measure your additions of Vancoram Exothermic Alloys. They 
come in steel cans with preweighed alloy content to insure maximum alloying efficiency with minimum 
cooling effect. Vancoram packaging also affords easy inventory control while eliminating storage and 
handling losses. Every Exothermic Alloy has been thoroughly tested in laboratory, pilot plant, and in 
the field. Make a note of these names: THERMOKROM® (Ferrochromium)—THERMOSIL® (Ferrosilicon) 
—THERMOKROMSIL® (Ferrochrome-silicon)—THERMOVAN® (Ferrovanadium)—THERMOCOL® (Ferroco- 
lumbium). For complete information call or write your nearest VCA District Office. Vanadium Corpora- 
tion of America, 420 Lexington Avenue, New York 17, N. Y.—Chicago—Cleveland—Detroit—Pittsburgh. 


CORPORATION OF AMERICA 
Producers of alloys, metals and chemicals 
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and tube temperatures were also 
measured by thermocouples clipped 
to each tube. The tests were ana- 
lyzed to find the effect on the 
coefficient of shielding (effective- 
ness of the tube in reducing heat 
loss) of three factors*. Shielding 
appeared to be most effective when 
small diameter tubes of relatively 
shiny material were used. The 


smallest size that can be used is 
governed by the temperature of the 
tube; an unduly high temperature 
accelerates furnace oxidation impair- 
ing reflectivity, or, as occurred with 
aluminum, causing the tube to melt. 


*Heat transfer theory indicated 
the criteria likely to govern the effi- 
ciency of such reflectors were (a) 
reflectivity of the surface, (b) tube 
size, (c) closure of the tube ends. 
(Reflectivity of a surface is defined 
as the ratio of the reflected to the 
total radiant energy falling upon the 
surface.) 


FOR MIG WELDING 


(using any shielding gas) 


“potential 


it’s the Miller CP-2 VS 


ampere welder and the 500 ampere CP-5 led to the 


development of the above 200 ampere version. Offered especially 
use with mained introduced 200 ampere air-cooled gu 


self-contai 


wet the ve delivers 


voltae and slope as low 
ps at 10 volts * A constant potential d-c source for heavy 


n vailable upon request relating to 200 
300 a cP-3 V8 or 500 ampere horizontal 


ampere 


ELECTRIC (MANUFACTURING COMPANY, WISCONSIN 


Distributed in Canada by Canadian Liqyid Air Co., Ltd., Montreal 


Aluminum was found to be a bet- 
ter reflector than stainless steel since 
temperature up to 600° C. (1110° 
F.) can be tolerated, and high re- 
flectivity appears te be retained up 
to this temperature. The aluminum 
oxide layer formed is presumably 
thin and does not absorb too much 
heat. Above 300° C. (570° F.), 
the reflectivity of stainless steel ap- 
pears to deteriorate, presumably 
because of the formation of a heat 
absorptive oxide layer. The degree 
of surface finish on commercially 
available aluminum sheeting is rela- 
tively unimportant. 

To establish the potential value 
of heat reflectors as a means of pro- 
longing forging operatiens, reflective 
shields were erected. They were 
comprised of an aluminum tube on 
the free side of the press, semi- 
circular pieces fixed to each press 
platen and a series of retractable 
semicircular pieces on the side of 
the press near the manipulator. 
Thus, when the manipulator ap- 
proached the press, each section, in 
turn, was retracted. 

To assess the advantage of as- 
sembly, three bars were cogged em- 
ploying this assembly, and compared 
with two which were cogged in the 
normal way. The surface tempera- 
ture was 1850° C. (3360° F.) and 
the center 1200° C. (2190° F.) at 
the start of forging. Each opera- 
tion consisted of a predetermined 
schedule of squeezes and movements 
between strokes. During each test, 
a record was taken of the time in 
which the surface temperature of 
the forging cooled to 900° C. (1650° 
F.) and the time which elapsed be- 
fore the press stalled and forging 
had to cease. The number of forg- 
ing passes was also recorded and 
after forging the amount of reduc- 
tion was calculated. The test re- 
sults show a wide scatter but they 
indicate a tendency for the cooling 
of steel during forging to be retarded 
by a factor of about 1% with a 
greater forging ratio obtained. This 
means that a forging at present re- 
quiring three heats could probably 
be completed in two heats, repre- 
senting a considerable saving in view 
of the high cost of heating. 

While the investigation was con- 
cerned with forging, reflectors may 
well find use in other processes. A 
simple tunnel might be used to cover 
the part of the forging extending 
outside the furnace during a reheat- 
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scaling and decarburization 


in heat treating, without special atmospheres — through the use of salt baths. Use AEROHEAT® 


heat treating salts for uniform, economical results in electric, gas or oil fired furnaces. For further 


information about Cyanamid chemicals for the metal industry or technical assistance, mail coupon. 


CYANAMID CHEMICALS FOR THE METAL INDUSTRY “MPPs 


HEAT TREATING SALTS: AEROHEAT 1700 1800°F to 2400°F; AEROHEAT 

1400 1650°F to 2150°F; AEROHEAT 1000 1050°F to 1850°F; AEROHEAT 30 Rockefeller Plaza, N.Y. 20, N.Y. 

1200 1300°F to 1600°F; AEROHEAT 400 450°F to 1100°F; AEROHEAT 300 
325°F to 1100°F; Nitriding Salt 900°F to 1150°F. [] Cyanamid Solt Baths 
CARBURIZING AND CASE HARDENING COMPOUNDS: AEROCARB® E ond [] Other Cyanomid Metal Chemicals 
W, A and B Case depths .005” to .045”, S and R, D Case depths .005” to 
.150”; AEROCASE® 28 and 510 Case depths .005” to .050”. 

OTHER CYANAMID METAL CHEMICALS: AEROMET® metallurgical additives 
for nitrogen addition to and desulfurization of ferrous metals; AEROSOL® 
surface active agents; metallic stearates; acids and other heavy chemicals. 


AMERICAN CYANAMID COMPANY 


PROCESS CHEMICALS DEPARTMENT « 30 Rockefeller Plaza, New York 20,N.Y. 
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Whether you choose by specification, 


pre or both... "here’s a Honeywell 


|] For precise control at low 
cost —R7086 —R7087 


Temperature controllers for use wherever precision tem- 
perature control must be maintained. Ranges from 
—150° to +3000° F. are possible. R7086 uses thermo- 
couple, R7087 uses resistance bulb. Both, surface or 
flush mounted. R7086 $150.00; R7087 only $120.00. 


160 


pressure control 


CL] For accurate control with 

indication at low cost 
T654A indicates and controls temperatures on an evenly 
graduated scale accurate within 1% of scale range. This 
switch can control an Actionator*, motor, relay, contactor 


or other device. Completely compensates for ambient tem- 
perature changes. Ranges from —150° F. to 1200° F. 
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temperature or 


1] For reliable control at 
minimum cost— VERSA-TRAN 


This inexpensive controller is completely transistorized. 
Needs no tubes, no warm-ups . . . gives instant reaction. 
Works with sensors that can be thermisters, probes, re- 
sistance bulbs, pressure transducers or humidity ele- 
ments. Available in various temperature, humidity and 
pressure ranges. Standard models as low as $39.50. Model 
shown above only $49.50. 
Write Honeywell, Minneapolis 8, Minn. 


HONEYWELL INTERNATIONAL Sales and service offices in all principal cities of the world. Manu 
facturing in United States, United Kingd: Canada, Netherlands, G y, France, Japan. 
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to fit your exact needs! 


Whatever your application, 


you'll find the control that suits 
you best in Honeywell's 


P444 


For industrial applica- 
tions that call for inde- 
pendent high-pressure 
and low-pressure set- 
tings and switching ac- 
tion. Adaptable for sur- 
face or flush mounting. 


1444 


For a wide variety of 
industrial applications 
requiring independent 
high-temperature and 
low-temperature set- 
tings and switching ac- 
tion. Adaptable for 
surface or flush mount- 
ing. Ranges from 0° F. 
to 660° F. 


P428 


For general industrial 
applications requiring 
the control or limiting 
of relatively high pres- 
sures. Models are 
made with explosion- 
proof case for hazard- 
ous locations. Ranges 
from 30 PSI to 5000 
PSI. 


1667 


Designed for use as a 
remote-bulb tempera- 
ture controller. SPDT 
switching provides 
temperature control in 
heating, cooling, or 
heating-cooling com- 
mercial and/or indus- 
trial applications. 
Ranges from —150° F. 
to 1200° F. 


*Trademark 
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SEE critical detail of specimen 
structure with the versatile metal- 
jurgical microscope. 


| PROJECT it to the big, bright 
Magna-Viewer screen for viewing 
comfort and consultation. 


RECORD it in vivid photomicro- 
graphs with the built-in 5x7 cam- 
era, at magnifications from 25X to 


...all with your choice of bright 
field, dark field, phase contrast or 
polarized light 

... and with all controls conven- 
iently located in the compact oper- 
ating zone of this 


BAUSCH & LOMB 


METALLOGRAPH 


Made in 
America to 
the world’s 


3AUSCH & LOM 


highest 

1 
| BAUSCH & LOMB INCORPORATED | 
| 84918 Bausch Street, Rochester 2, N. Y. 

| 
| Please demonstrate Balphot 
i Metallograph. | 
| ( Please send Catalog E-232. | 
NAME, TITLE 
| PROFESSIONAL | 
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ing operation with benefits in both 
fuel savings and in reducing tem- 
perature gradients along the forging. 
It might have benefits in slow cool- 
ing and other fields such as the 
rolling of sheet by increasing the 
reduction possible in each heat. In 
such processes as continuous casting 
or extrusion, reflectors also present 
a convenient way to control cooling 
rates. C. W. McKee 


Cooling L-D Baths 
With Ore 


Digest of With Ore 
in the Oxygen Top Blowing LD 
Process”, by K. Griinberg, W. 
Schleicher and R. Kunz, Stahl 
und Eisen, Vol. 80, No. 5, 1960, 
p. 277-281; Brutcher Transla- 
tion No. 4800. 


VEREIN PLACED its top- 
blown, dolomite-lined oxygen 
converters in operation in November 
1957. In contrast to many other 
L-D plants, Bochumer adds ore 
rather than scrap to cool the bath. 
They refine a basic iron containing 
about 4.38% C, 1.4% Mn, 0.8% Si, 
0.04% S and 0.11% P. The product 
mixture consists of 30% rimmed, 
mild steel, 40% killed, mild steel, 
and 30% higher-carbon steel. About 
95% of the steel contains less than 
0.03% P; some steels have phos- 
phorus contents below 0.010%. 

Operating procedures for ore cool- 
ing are essentially the same as for 
the conventional scrap-cooling prac- 
tice. Ore and burned lime are added 
to the bath, in several batches, after 
charging the hot metal and igniting 
the lance. The substitution of ore 
for scrap is based on an exchange 
ratio of 3.5 to 1. Pelletized, rather 
than natural, ore is used because it 
contains a uniform proportion of 
fines. Harder pellets are better for 
controlling final analyses and tem- 
peratures. 

Several advantages are obtained 
from cooling the L-D converter with 
ore instead of scrap: 

1. Contamination by tramp or 
residual elements is less. 

2. Consumption of oxygen is 
reduced 12 to 15%. 

3. The ease of charging ore 
through overhead chutes reduces 
total heat time by about 10%. 


4. Ore is usually cheaper than 
scrap, for equal iron contents. 

5. High-quality plant scrap can 
be conserved for use in open-hearth 
and arc furnaces. 

The changes in bath and slag com- 
positions with time are similar for 
scrap and ore practices. However, 
less time is required for eliminating 
silicon and for reaching terminal 
manganese and phosphorus levels 
when ore is added. The oxygen in- 
troduced as ore is used up in the first 
8 min. of the blowing period. There- 
after, oxygen contents of both slag 
and metal are equivalent to those 
for heats made with scrap additions. 

Gas analyses were made on sam- 
ples representing 24 ore-cooled, L-D 
heats and 19 open-hearth heats of 
rimmed, deep drawing steel. The 
steels made in the oxygen cenverter 
had slightly lower oxygen content 
for equal carbon content. Since 
high-purity oxygen is used for blow- 
ing, the L-D process produces low- 
nitrogen steels. Nitrogen content of 
86 ore-cooled, converter heats 
ranged from 0.001 to 0.003% and 
averaged 0.0018%. The open-hearth 
steels with comparable carbon con- 
tents, 0.04 to 0.07%, analyzed 0.004 
to 0.008% N». Mild steel samples 
from the L-D vessel contained 0.9 
to 2.7 ppm. of hydrogen, and aver- 
aged about one third as much as 
open-hearth steels of the same grade. 
F. W. Boutcer 


Extruding Beryllium 
and Steel 


Digest of “Development of 
New Extruding Techniques for 
Pure Beryllium and High Tem- 
perature Steel”, by Lyle M. 
Christensen. Paper presented 
at the S.A.E. National Aero- 
nautic Meeting, October 1959, 
Angeles. Preprint No. 


HE STRINGENT REQUIREMENTS for 

materials used in the airframes of 
present and future flight vehicles 
have started a trend to high-strength 
heat resisting materials such as the 
advanced steel alloys and pure beryl- 
lium. Since the properties required 
can be obtained more readily from 
extrusions than from rolled sections, 
research and development programs 
were undertaken for developing or 
perfecting extruding capability for 
these materials. Since neither pro- 
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gram has been completed as yet, this 
article is primarily a progress report. 

The steels selected for this pro- 
gram were H1l (a 5% chromium 
hot work die steel) and A-286 (a 
superalloy). To date, efforts to ex- 
trude these steels have not been too 
successful. The tests did indicate 
the deficiencies in the initial process, 
and corrective measures were taken: 

1. The radiation shield was re- 
designed to reduce radiation and 
convection heat losses. 

2. The billet container was modi- 
fied so that its temperature could 
be raised to 1150° F. or higher. 

8. A special tool was fabricated 
to lubricate the billet within the 
radiation shield as it is withdrawn 
from the salt bath. 

4. New dies with improved flow 
characteristics were made. 

5. A-286 billets were procured 
with specially designed noses to mate 
with carbon steel caps. This reduced 
the starting pressure. 

6. The loader was modified so 
that it could handle the radiation 
shield and permit withdrawal of the 
shield after the billet was ejected. 

7. Instruments were set up for 
accurate determination of the exit 
temperature of the extrusion. 

8. New glass lubricants were 
used. 

Tests which were continued after 
the corrective measures were taken 
indicated that A-286 can be ex- 
truded to 0.093 in. thick at 2100° 
F., the optimum extrusion tempera- 
tures were 2250° F. for H11 and 
2050° F. for A-286, the use of 
nickel plate as a lubricant warranted 
further study, and the fillet radii on 
the die needed to be enlarged. 

The material selected for the be- 
ryllium investigation was a billet 
sintered from pure beryllium pow- 
der. The abrasive effect of beryl- 
lium on the extrusion dies and the 
tendency of beryllium to fracture 
intermittently posed problems in the 
selection of die materials. They had 
to have sufficient strength and 
toughness to withstand anticipated 
high-temperature stresses, and they 
had to have enough abrasion resist- 
ance to insure against washout in 
the event of inadequate lubrication. 
For tests, extrusion dies for round 
rods were made from H11 and H12 
(hot work die steels), H13, M2, 
and 18-4-1 (toolsteels), H-H (a 
nitrided hot work die steel), and a 
cobalt-chromium die alloy. 
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Bausch & Lomb salutes : 


R.E. Gardner 
J. F. Richards 


.. Blue Ribbon Award W inners, 
1959 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNERS for best 
photomicrograph in the 
class of Slags, Inclusions, 
Refractories, Cermets and 
Aggregates—Messrs. 

R. E. Gardner and J. F. 
Richards, Avco Research 
and Advanced 
Development Div., 
Wilmington, Mass. 


THEIR AWARD-WINNING 

PHOTOMICROGRAPH, 

MADE WITH A 

BAUSCH & LOMB 

METALLOGRAPH— 

“Highly ordered crystalline 

graphite deposited at high 
temperature from a methane- 


hydrogen atmosphere." 


Bausch & Lomb Metallographs help industry boost output and 
maintain quality by providing detailed magnified images—visual 
or photographic—for routine work and advanced research. 

Ease and comfort are basic design features of the B&L Balphot 
Metallograph—one of a complete line of metallographic equip- 
ments. You sit relaxed, with all major controls within effortless 
reach. A flick of a switch provides clear, sharp images for micro- 
scopy—for group viewing (with exclusive Magna-Viewer projec- 
tor screen )—or for photomicrography. 

Find out how these faster, easier, completely dependable anal- 
yses can help you save on time and materials. Write for Catalog 
E-232, and for coraplete expert advisory service. No obligation, of 
course. Also, limited edition brochure of this Blue Ribbon Award 

series, on request, Bausch & Lomb 
Incorporated, 63818 Bausch Street, 
Rochester 2, New York. 
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Extruding . . . 


The cobalt-chromium alloy proved 
superior to the other materials and 
was used for the balance of the tests. 

Although this project is not yet 
completed, it has already proved 
that bare beryllium can be success- 
fully extruded. Moreover, a num- 
ber of the operating conditions anc 
controlling factors have been deline- 
ated as well as an outline for future 
investigation. Further work will in- 
clude investigations of ways to im- 
prove metal ductilities, lubricants, 
and extrusion conditions. Die design, 
die materials, post extrusion process- 
ing (such as straightening and finish- 
ing), and mechanical properties will 
also be studied. BERNARD TROCK 


Steel for Nuclear 
Reactors 


Digest of “Steels for Nuclear 
Reactors”, by H. F. Beeghly, 
Nuclear Science and Engineer- 
ing, Vol. 7, January 1960, p. 21- 
25. 


REACTOR PLANTS have 

been built largely from stand- 
ard grades of steel. Since conven- 
tional steels have limitations in 
nuclear environments, efforts are in 
progress to improve their chemical 
and nuclear properties by modify- 
ing their composition. Some of the 
service requirements are not known 
in detail because more than 100 
reactor concepts are under develop- 
ment. In general, however, the con- 


Here's the 


PHOSPHATE 
COATING 
You asked TURCO 


TO MAKE -—rormuiated as resutt of industry-wide Survey... 


During the first six months of 1959 
Turco undertook an extensive 
survey of the phosphate coating 
market. Hundreds of users of thes« 
coatings were interviewed 
Thousands of questions were 
asked. When the answers were 
tabulated, Turco began the task of 
building an iron phosphate 
process to the exact specifications 
called out in the survey 


The new process is now available 
It is called Turco Paintite 

Paintite has been thoroughly field 
tested in the production lines 

of a dozen Turco customers It has 
passed the most severe tests 

with flying colors. Turco ts proud 
to announce the addition of 
Paintite to its ten other Turcoat 
phosphate and conversion coating 
processes that provide a better 
bond for organic finishing ‘ 


HERE'S HOW 


PAINTITE. 


SCORES ON SURVEY'S 


0122 Wanteo" 


FEATURES... 


1. SUPERIOR CLEANING Exclusive 

system provides heavy-duty uniform clean- 
ing. Cleans & phosphates simultaneously. 
2. TEMPERATURE VERSATILITY - Efficient 
anywhere within range of 140° to 180°F. 
Temperature contro! is not important 

3. LOW FOAMING — at any temperature 
within recommended range 

4. LESS POST RUST~Eliminates post rust 

ing problem often encountered with iron 
phosphate processes 

5. NO WHITE STREAKING - Extra free rins 

ing. Leaves no residue 

6. ECONOMICAL —Low in initial cost. Low in 
maintenance cost. Low in cost per sq. ft 

Long-lived, even under mass production use 
7. UNIFORM COATING even on edges and 
points. Won't show through on low-pig- 
mented paints 

8. USE VERSATILITY - used by immersion, 
spray washer or steam cleaner. 

9. LESS SLUDGE - less scale. Minimizes 
clean-up problems. 

10. RESERVE ACIDITY - combats alkaline 
water conditions. Constant contro! not 
necessary. 

11. SUPERIOR SERVICE — by Turco’s vast 
network of technically trained servicemen, 
located in indystrial centers throughout 
the world 

12. REQUIRES ONLY 3 STAGES-for dip or 
Spray washing. Can be efficiently used in 
5-stage operations, if desired. 


structional steels should be fabric- 
able by conventional methods, stable 
at temperatures over 400° F., and 
possess good heat-transfer charac- 
teristics. The steels must also meet 
exacting dimensional tolerances and 
quality specifications to insure 
trouble-free operation of power 
plants. 

Other characteristics become im- 
portant in certain applications pe- 
culiar to nuclear systems. For 
example, the steels should not be- 
come excessively radioactive or em- 
brittled when subjected to neutron 
irradiation. Certain alloying ele- 
ments, such as tantalum and cobalt, 
must be avoided because they absorb 
neutrons. Steels for heat exchangers 
must resist corrosion by coolants 
such as water, acids, orgasmic com- 
pounds, hot gases or liquid metals. 

Manganese, a desirable alloy in 
most steels, is the major contributor 
to the short-lived activity of a steel 
exposed to thermal neutrons. It is 
undesirable in steels for nuclear re- 
actors because manganese activity 
may be the controlling factor in 
limiting access to a plant for main- 
tenance or repair. For this reason, 
the author investigated the mechani- 
cal properties of a variety of low- 
manganese steels. 

Steels containing less than 0.14% 
C and 0.09% Mn, alloyed with 0.20% 
Ti or Ni, can be used for sheet when 
ductility is the main requirement. 
Tensile strengths range from 43,000 
(in the annealed condition) to 60,000 
psi. (in the normalized condition). 
Steels containing 2 to 3% Ti or Zr, 
and 0.52 to 0.57% C, have tensile 
strengths of 62,000 to 82,000 psi. 
in the normalized condition. These 
alloys, with less than 0.15% Mn, 
exhibited good elongation in tensile 
tests. A third series of steels, con- 
taining about 0.22% C and 0.08% 
Mn, had tensile strengths ranging 
from 66,000 to 75,000 psi, after 
normalizing. This group included 
steels with alloying additions of 
aluminum and titanium totaling 0.17 
to 0.43%. 


PHOSPHATING REFERENCE CHART Mill products of the low-man- 
TECHNICAL DATA BULLETIN ganese steels have been converted 

to plate, rod, wire and seamless 
tubing. They have been fabricated 
by roll forming, cold drawing, weld- 
ing and swaging. Limited experi- 
ence of this kind indicates that the 
low-manganese steels can be pro- 
duced in the qualities and shapes 
needed. (Cont'd. on p. 167-A) 
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Get the full story on Paintite and the other ten 

phosphating and conversion coating processes in the complete 
urcoat line Write jor vour copy, along with Turco’s 


r 

ting Reference Chart, today 


TURCO PRODUCTS. INC 

24600 South Main St.. Wilmington, Calif. 
MERELY AFFIX COUPON TO COMPANY LETTERHEAD 
Please send valuable booklet. with Phosphat 
ing Reference Chart and full details on 
Paintite. I understand there is no cost or 
obligation on my part 


TURCO 
PRODUCTS, INC. 


Chemical Processing Compounds 

24600 South Main Street, Wilmington, Califorma 
FACTORIES: Rockdale, Iil., Houston, Wilmington. NAME 
London, Rotterdam, Sydney, Mexico City, Paris. TITLE 
Hamburg, Montreal, Manila, Naha (Okinawa) nd uP 
Offices in All Principal Cities 4 
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The vacuum arc remelt furnace pictured be- 
low is producing some of the largest ingots 
of the most advanced alloys in commercial 
production today—superstrength alloys for 
missiles, such as D-6, AMS-6428, 300M, and 
special high-temperature alloys for gas tur- 
bine, jet engine applications, A286, Wasp- 
alloy—to name a few. 


This facility rounds out the most modern 
integrated steelmaking plant for special alloy 
forgings and rolled rings in the country— 
electric furnace steels, vacuum degassed, and 
vacuum remelted. 


Talk to Standard for stress, corrosion and 
heat-resisting forgings, rings and castings. 


) 
si 
| 
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QUALITY CONTROL IS SECOND TO NONE AT 
STANDARD. Quality control at Standard is maintained 
by the most accurate, up-to-date testing equipment avail- 
able. Laboratory facilities operate day and night to sup- 
port our metallurgists, shop foremen, mill and machine 
operators—as well as plant management and, of course, 
our customers. 


STANDARD’S OPEN-DIE FORGINGS SUPPLY NATION’S LEAD- 
ING INDUSTRIES. Steel and nonferrous alloys can be worked in 
Standard’s forge shop, including some hard-to-work metals such as 
titanium and super alloys. It can turn out forgings from 15 to 52,000 Ib.; 
up to 45 inches in diameter; and up to 60 ft. in length. Major products 
include rotors and wheels for turbines, propeller shafts for ships, rolls 
for sugar, printing and rubber industries. 


Standard’s hundreds of customers represent every major industry in the world. Metal components 


of carbon and alloy steels, super alloys, and nonferrous alloys such as aluminum and titanium are 


supplied by Standard for an endless line of products. What particularly impresses our customers 


however, is the unique, personalized service we provide. See for yourself—bring your next problem 


to Standard. 


Standard Steel Works Division 


BALDWIN - LIMA :- HAMILTON 


BURNHAM, PENNSYLVANIA Rings e Shafts 


Printed in U.S.A. 


ears 


STEEL CASTINGS TO VIRTUALLY ANY SPECIFICATIONS. The 
Standard foundry, one of the larger ones in the country, has turned out 
castings as light as 1 lb., and ranging up to 85,000 Ib. They include some 
of the largest heads ever cast for dredge cutters and also vital components 
in huge hydroelectric projects throughout the world. Standard yields to 
none in the skill of its foundry engineers, metallurgists, molders, core- 
makers and core setters. 


PIONEERS IN ROLL-FORGED RINGS . . . STANDARD. 
Standard’s craftsmanship in forming metal rings for heavy in- 
dustry dates back to 1856. The first all-forged weldless rings 
were produced in volume for the first time in 1870—at Standard. 
And much of the development work in forging weldless rings of 
high-alloy steels, aluminum and titanium has been done in 
Standard’s Ring Department. 


Car wheels ¢ Gear blanks « Flanges ¢ Special shapes 
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M-S-A Analyzers help control carbon potential 
of furnace atmospheres 


You can prevent damaging oxidation and change in carbon content of metal 
surfaces by measuring H2O, CO., and Methane with M-S-A® Infra-Red Analyzers 


Typical installation shows M-S-A LIRA Anclyzer calibrated for 
suitable dew point ranges to determine carbon potential of the 
furnace atmosphere. 


Heating metals like steel, copper, brass, etc., generally 
makes them chemically active with the atmosphere in 
the furnace. 
ee Such atmospheric furnace action may damage the 
= surface of the metal. It may cause scaling by oxidation. 
Or change in surface carbon by carburization or decar- 
burization. 

To combat this quality control hazard, many metal- 
lurgists are holding the carbon range to much closer 
tolerances with dew point control by infra-red analysis. 
And they’re using M-S-A LIRA Analyzers to do the 
job. Safely. Reliably. Accurately. 

. Since water vapor is such an ideal absorber of infra- 
red radiation, M-S-A LIRA Analyzers are extremely 
. well-adapted for controlling the dew point of a furnace 
atmosphere. 
There are a number of M-S-A LIRAs installed in 
annealing operations of strip steel and special carbon 
, steels, and also in pure hydrogen atmospheres where 
hydrogen brazing is taking place. 
Principle of operation for the M-S-A LIRA is simple. 
The gas sample passes through a sample cell through 
which an infra-red beam is directed. This direct beam 
measurement eliminates the problems usually encoun- 
bi tered in such analysis: getting water vapor to react with 
some salt, or cooling it to cause a frost on a mirror, etc. 
. An MSA Instrument Specialist will be pleased ho The entire assembly of the M-S-A LIRA Analyzer is mounted on a self-supporting 
discuss your specific problems with you. Write for in- panel. All adjustments are easily made from the front of the ponel. 
formation regarding your particular problems of at- 
mospheric analysis and control. 


INSTRUMENT DIVISION 


: Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 
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ALLOY FANS 


for 
Lindberg 
Furnaces 


(15 Cr—35 Ni) 


128 pound Fan, Conven- 21 pound Fan, Shell 
tionally Cast with Molded, Single Casting. 


Blades Set in the Mold 
before Pouring. 


Lindberg Engineering Company uses a considerable num- 
ber of Duraloy castings such as these in its line of heat- 
treating furnaces. 


These two fans, used for circulating products of combus- 
tion, have been alloyed to meet temperatures ranging 
from 1600 to 1950°F. While these two particular castings 
were shipped rough cast, we have complete machine shop 
facilities for finishing castings to any degree desired. 


Lindberg also purchases many of our HOM castings good 
for temperatures up to 2200°F. 


Perhaps you would like to know more about the Duraloy 
experience, equipment and facilities in the field of high 
alloys. Send for our general catalog and if at the moment 
you have any casting requirements, we'll be glad to dis- 
cuss them and quote. Our experience in this highly special- 
ized field goes back 40 years. 


OFFICE AND PLANT: Scottdale, Po. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
CHICAGO OFFICE: 332 South Michigan Avenve 
DETROIT OFFICE: 23908 Woodward Avenve, Pleosont Ridge, Mich. 
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Nuclear Reactors . . . 


Higher-strength, low-manganese 
steels with medium carbon content 
were produced by alloying with up 
to 1.1% Mo, 2.4% Cr, or 1.8% Ti. 
Normalizing gave ultimate strengths 
around 110,000 psi. Steels with 
less than 0.10% Mn, but otherwise 
similar to A 4130 and A 4340 com- 
positions, were also studied. For 
comparable heat treatments, the 
mechanical properties of the low- 
manganese steels equal or exceed 
those required by specifications for 
the standard steels. Tensile data 
were also obtained on several low- 
manganese steels containing up to 
2.4% B. These steels were less 
ductile than their boron-free counter- 
parts. 

In general, low-manganese steels 
seem to have tensile, hardness and 
notched-bar properties equivalent to 
those for steels with normal man- 
ganese contents. The low-manga- 
nese steels are expected to be useful 
for reactor components in which in- 
duced radioactivity must be mini- 
mized. They may offer advantages 
for parts exposed to reaction with 
liquid metals or in water-cooled 
systems with relatively large surface 
areas. The author also considers 
low-manganese steels promising for 
use in the primary system of organic- 
moderated reactors. 

F. W. BouLcer 


Hot Tearing of 
Low-Carbon Steel 


Digest of “Effect of Primary 
Structure of Low-Carbon Steel 
on Susceptibility of Hot Tear- 
ing”, by O. D. Moldavskii and 
A. P. Pronov, Izvestiya Akad. 
Nauk SSSR, OTN, Metall. i 
Toplivo, May-June 1959, No. 3, 
p. 47-51; Brutcher Translation 
No. 4756. 


E DEFECT KNOWN as hot tearing 
occurs in castings when the metal 

is restrained from shrinking during 
solidification and freezing. Various 
investigators have shown that the 
incidence of hot tearing varies with 
sulphur content, pouring tempera- 
ture, specimen configuration, and 
solidification rate. These Soviet au- 
thors held such factors constant in 
order to study the effects of alumi- 
num, silicon, and chromium on pri- 


mary grain size and the strength of 
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from Hartzell and Timken® steel 


To help make executive and = aircraft as “all- 


weather” as the airlines, Hartzell Propeller Company de- 
signed a constant-speed propeller with full feathering and 
reversible pitch. Short field landings are no problem. Ree. 
utives can aed at a more convenient airport in many cities. 

The resemblance to the big transports doesn’t stop 
there. To get the right aircraft quality steel for the 
propeller hubs, Hartzell engineers came to the Timken 
Company. Timken® fine alloy seamless steel tubing is 
known for its cleanliness. And the metallurgists who make 
it are known for coming up with the best solution to tubing 
problems. Timken 4140 steel tubing of aircraft quality is 
cleaner. The propeller hubs can be made light yet strong. 
And Timken steel tubing cuts rejections weet of its 
uniform response to heat treating. Every part is up to 


specification. Due to this consistent performance, Hartzell 
now specifies Timken quality steel for their forgings. 
Timken Company metallurgists have been finding solu- 
tions to tough steel problems for over forty years. They're 
specialists in heome” 2 the right mechanical tubing to 
keep costs and rejects » Bow If you have a steel problem, 
why not call on the Timken Company? Our experts will be 
= to work with your engineers and designers. The 


EN 


Company, Steel and Tube 

Division, Canton 6, Ohio. 
Cable: “Timrosco”’. Makers FINE ALLOY 
of Tapered Roller Bearings, 

Fine Alloy Steel and Remov- STE E L, 
able Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 
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mall plan 
get the airline pitch 
by 


If you require ferrous, non-ferrous, clad or embossed 
shapes, with uniform high-quality appearance, ready 
for your production lines, investigate Roll Formed’s 
shapes. By combining forming, punching, notching and 
cutting to exact length in one high-speed operation, 
Roll Formed gives you the engineered shapes you want 
at lower cost. For detailed information of the shapes, 
designs and metals available ASK FOR ROLL 
FORMED CATALOG 760. 


MAIN OFFICE AND PLANT 
3761 OAKWOOD AVE., YOUNGSTOWN, OHIO 
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the metal during solidification. The 
base composition of their low-carbon 
steel was not disclosed. 

The pouring temperature of the 
metal was held 22° F. above the 
liquidus temperature; hot tears usu- 
ally occurred 5 to 7 sec. after cast- 
ing. Sometimes the cracks or hot 
tears extended to the edges of the 
casting. In other instances micro- 
cracks, separated by sound metal, 
were formed. The I-shaped crack 
sensitivity specimens were 7% in. 
long but the other dimensions were 
not mentioned. The specimens were 
cast in a metal mold characterized 
by one fixed and one movable head 
which gripped the ends of the 
casting. Contraction of the crack- 
sensitivity specimen caused displace- 
ment of the movable head and bend- 
ing of a plate to which the head was 
attached. Strain gages mounted on 
the plate measured the loads devel- 
oped in resisting shrinkage. These 
load values were divided by the 
cross-sectional areas (in the regions 
where hot tears were detected) in 
order to obtain a stress value char- 
acterizing the mechanical strength 
during solidification. The values 
were used as a measure of the sus- 
ceptibility to hot tearing; higher 
strengths were considered desirable. 
The strengths during solidification 
ranged from 570 to 1280 psi. among 
the various steels studied. 

The hot strength of the cast steel 
increased as the aluminum content 
increased to 0.4%, and then de- 
creased appreciably. Aluminum con- 
tents in the range up to 0.4% were 
associated with a fine-grained pri- 
mary structure, presumably because 
aluminum oxides and nitrides can 
serve as nuclei for crystallization. 
Steels containing 1.0 to 1.6% alumi- 
num had solidification strengths only 
half as high as that of the steel with 
0.4% aluminum. The high alumi- 
num steels were characterized by 
coarse, columnar grains. This 
agreed with earlier work by the 
authors showing that elements form- 
ing solid solutions in iron produce 
coarse cast structures. 

Studies on steels containing 0.2 to 
4.0% silicon confirmed the results 
on aluminum-bearing steels that 
steels with a coarse primary struc- 
ture are weaker during solidification. 
Coarse-grained primary structures 
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“HEAT connosion ff 


FAHRITE ror HiGH TEMPERATURE APPLICATIONS 


* Centrifugally cast tubes 

* Trays for heat treating furnace 

* Retort — several types 

* Bends and fittings for radiant tube assembly 
* Solution pot 


Ohio’s engineers will help you select the proper grade Fahrite. 


THE OHIO STEEL FOUNDRY 


° ° (TH) 
3 4 


PROBLEM... 


e~ 


WE NEED ONE INSTRUMENT 


TO DO ROUTINE ANALYSES 


AND THE “ODD SAMPLE." 


SOLUTION... 


T 
CONVERTIBLE EBER 
SPECTROGRAPH y 


' You can speed routine analyses photo- 
electrically, and still solve tough 
"odd sample" or research problems photo- 
graphically—all with the same versatile 
instrument. No attachments to mount 
» « « no tedious realignment. With the 
turn of a single control you can convert 
from full-range spectrographic analysis 
to high speed direct-reading analysis of 
as many as 20 elements simultaneously. 


With the Jarrelli-Ash 3.4 Meter 
Convertible Ebert Spectrograph, you'll 
enjoy flexibility that lets you tackle 
greater variety of materials... 
analytical range to detect unsuspected 
trace elements . . . Speed to handle 
more samples per hour, keeping quality 
control in step with production. And 
add to these the footstep-saving 
convenience of a single basic instrument 
with all controls centrally grouped. 


Why not write for further information. 
Any questions, basic or complex, will 
be welcome. Better yet, invite a 
Jarrell-Ash engineer to show you first- 
hand how this instrument will make your 
analytical efforts more rewarding, your 
lab operations 

more productive 

and profitable. 


_ JARRELL-ASH CO. 
26 Farwell Street 
Newtonville 60, Mass. 
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Hot Tearing . . . 


are considered more susceptible to 
hot tearing. The hot strengths in- 
creased as the silicon level was 
raised to 1.5% and then decreased. 
However, the variation was much 
less pronounced than that for the 
aluminum-treated steels. Like the 
steels with more than 1% aluminum, 
the steels with 3 and 4% silicon had 
strengths of about 710 psi. during 
solidification. These values, of 
course, would vary for other experi- 
mental conditions. 

Chromium, like silicon and alumi- 
num, forms solid solutions with iron. 
The authors found that the strength 
of the solidifying steel specimens was 
independent of chromium content 
in the range from 0.5 to 3.0%. In 
this range, chromium variations had 
no effect on the primary grain struc- 
ture. This was true for both 0.20 
and 0.30% carbon steels. The re- 
sistance to cracking improved 
slightly when the chromium content 
was held below 0.5%. This improve- 
ment was considered to be an effect 
on ductility rather than on strength. 

F. W. Bou.cer 


Nickel-Base Alloys for 
High-Temperature Use 


Digest of “Continued Study of 
Advanced-Temperature Nickel- 
Base Alloys to Investigate Va- 
nadium Additives” John C. 
Freche, Thomas J iley, — 
William J. Waters, N.A.S 
Technical Note D- 260, Fears 
1960, National Aeronautics and 
Space Administration, Washing- 
ton, D.C 


CCORDING TO THIS REPORT, an 

alloy having 79% Ni, 8% Mo, 
6% Cr, 6% Al, and 1% Zr has good 
stress-rupture, oxidation - resistance 
and impact properties. Earlier 
work (N.A.S.A. Memo 4-13-59F) 
showed that small additions of 
boron, carbon, titanium, and _tita- 
nium plus carbon, with accompany- 
ing decreases in nickel, improved the 
15,000 psi. stress-rupture life at 
1800 and 1850° F. This continu- 
ing work with vanadium, tungsten 
and carbon additions was an attempt 
to achieve still greater strength using 
vanadium and carbon to replace 
some nickel, and tungsten to replace 
some molybdenum. 
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Fluorine and Fluorides Causing Corrosion? 


... Test HAYNES Alloys 


Ability to withstand the “‘bite”’ of fluorine and fluorides is a quality possessed by few 
metals. HASTELLOY alloy C has this ability. 

Alloy C is resistant to fluorine gas as hot as 950 deg. F, and it is so impervious to 

HF gas it can be utilized in the production of hydrofluoric acid. The remarkably low 
penetration rates shown on the test samples in the illustration indicate the extraordinary 
resistance of alloy C to this family of corrodents. 

HASTELLoy alloy C is one of 9 HAYNEs corrosion-resistant alloys developed over a 30-year 
3pan of intensive research on corrosion problems and metals that resist them. 

You can capitalize on the results of this 30-year research program. 

Send for test samples. Write us a letter outlining your corrosion problem. We will send 
you free test samples of the alloy best suited to solve it. Address your letter to 

Haynes Stellite Company, 270 Park Avenue, New York 17, N. Y. 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 
“Haynes,” “‘Hastelloy,”” and “Union Carbide” are registered trad@ marks of Union Carbide Corporation, 
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Ni-Base Alloys . . . 


All comparisons were made on the 
basis of as-cast specimens. A few 
attempts at swaging and rolling indi- 
cate only a limited degree of swage- 
ability in certain of the modified 
alloys. However, all the modifica- 
tions tested had good impact resist- 
ance, many of them exceeding 65.5 
in-lb. 

Stress-rupture lives of the strong- 
est vanadium-carbon and tungsten- 


Table I — Stress-Rupture Life at 15,000 Psi. 


ALLoy ComPosITION 


1800° F. | 1850° F. 


8 Mo, 6 Cr, 6 Al, I Zr, 1.5 Ti, 0.125 


C, bal. Ni 


8 Mo, 6 Cr, 6 Al, I Zr, 2.5 V, 0.125 


C, bal. Ni 


4 Mo, 6 Cr, 6 Al, | Zr, 4 W, 2.5 V, 


0.125 C, bal. Ni 


380 hr. | 107 hr. 


565 82 25 hr. 


768 301 101 


vanadium-carbon modifications of 
the basic alloy are given in Table I. 
These represent substantial improve- 


ROCKWELL FURNACES 


are designed to meet your 
precise specifications for 


ng 


This low cost ‘‘package” electric furnace, complete with vacuum pump 
and temperature controls, heat treats small stainless steel aircraft parts 
to exacting requirements: 20 Ibs./load; 1350°F., connected load — 
6 KW; vacuum-5 microns. It is ideal for research, development and 


small production runs. 


Rockwell vacuum furnaces are made in horizontal and vertical 
types — as big as you please —to produce work with a surface 
that is clean, bright, uncontaminated. What's your vacuum 


heating problem? 


ROCKWELL COMPANY 


Furnaces, Ovens, Air Heaters, Valve 
a Le 2040 ELIOT STREET ++ FAIRFIELD, CONN 
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ments over the earlier titanium- 
carbon modifications. There appears 
to be more oxide penetration in the 
vanadium modification than in the 
titanium modification. At the same 
time, there is no evidence of catas- 
trophic oxidation in the vanadium 
modification during stress-rupture 
tests in air up to 1900° F. 
C. O. Smitn 


Detecting Pipe in Rolling 


Digest of “A Nondestructive 
Method to Detect Pipes and Cav- 
ities in Hot Steel Blooms Dur- 
ing the Rolling Process by 
Means of Betatron, X-Ray 
Image Intensifier and Television 
Setup”, by Werner Lueckerath, 
Kurt Fink and Ronald Flossman, 
Nondestructive Testing, Janu- 
ary-February 1960, p. 27 to 34. 


I’. FLAWS CAN BE DETECTED in hot 

ingots or blooms, there is an 
obvious economic advantage: Loss 
of sound stock or inclusion of de- 


fective stock is minimized. In addi- 
tion, such a process could be useful 
in studying casting and solidifica- 
tion phenomena. Though it is not 
feasible to use x-rays to detect flaws 
in hot ingots 25 te 35 in. thick, 
x-rays can be applied in blooms 
which are less than 12 in. square. 
This paper describes a method which 
has been devised to continuously 
examine hot rolled blooms for in- 
ternal defects. 

A 3l-mev. betatron is arranged 
with its x-ray beam perpendicular to 
the roller table. After passing 
through the center of the bloom, the 
beam strikes the primary screen of 
a special x-ray image intensifier 
tube (which is incased in a thick- 
walled lead container to eliminate 
pickup of scattered radiation). The 
amplified image from the secondary 
screen of this intensifier is repro- 
duced by an image-orthicon tele- 
vision camera. The image intensi- 
fier and_ television camera are 
mounted on a carriage which can be 
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New technique makes possible easy-to-machine 
steel extrusion dies from molybdenum 


At 4600°F thorium becomes a liquid. 
Bismuth boils. Antimony vaporizes. 
But molybdenum remains hard. 

To help you take advantage of molyb- 
denum’s hardness and heat resist- 
ance—Sylvania now makes available 
molybdenum for forging into extru- 
sion dies for steel, titanium and other 
metals. Thanks to its new isostatic 
pressing and sintering operation, 
molybdenum powder of controlled 


particle size can be formed into 
forging blanks that permit you to 
produce intricate shapes and patterns 
for your dies. Because of molyb- 
denum’s high temperature character- 
istics, these dies far outlast conven- 
tional dies. Sylvania also produces 
billets and ingots for forging, elec- 
trodes for arc casting, blanks for 
machining and machined parts. 


Shouldn’t you consider refractory 


metals in meeting your needs? The 
same properties that solve the prob- 
lems of throat inserts for rockets and 
missiles can work for you in piercing 
points, die-casting dies and cores, in 
truing grinding wheels and in many 
other ways. For the full story or help 
in checking out a special idea write 
Chemical & Metallurgical Division, 
Sylvania Electric Products Inc., 
Towanda, Pennsylvania. 


SUBSIDIARY OF 


GENERAL TELEPHONE & ELECTRONICS 
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IMPORTANT NEWS 
FOR YOUR 
MATERIALS TESTING 


The Marquardt TM-1 Auto-Dynamic Elevated Temperature 
Test Machine is now available for today’s most exacting 
materials testing applications. The TM-1 is an automatic, 
servo-controlled system which measures and records 
‘modulus, yield, ultimate strength, and other physical 
properties of materials. Tests can be run under rapid heat- 
ing and loading conditions to temperatures in excess of 
5,000°F and with true strain control to 3/4 in./sec. Load 
and strain controls include linear, complex, or cyclic pro- 
grams over a 50,000-pound range either in tension or 
compression. m™ Marquardt’s materials testing product line 
includes programmers, power controllers, extensometers, 
and related equipment. 


For details write 
Director-Marketing, 
16555 Saticoy Street, 
Van Nuys, California 


THE 


f 


CORPORATION 
CORPORATE OFFICES, VAN NUYS, CALIFORNIA 


TM-1 50,000 LB TEST BED 
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moved out of the way when desired. 
Personnel are protected from beta- 
tron radiation by concrete walls on 
either side of the rolling table. 
Sheets of aluminum below the beta- 
tron and a flat, water-cooled box 
above the image intensifier protect 
the instrument from heat which ra- 
diates from the blooms. 

More than 1000 blooms, between 
8.4 and 9.5 in. square, were tested 
under operating mill conditions. 
The diameter of the test area in the 
central plane of an 8-in. bloom was 
limited to 6% in. by the primary 
screen of the image intensifier. In 
making the tests, blooms were 
sheared in the normal manner, and 
then passed through the test equip- 
ment on the way to the semifinishing 
mill. (Space limitations prohibited 
locating the equipment between the 
blooming mill and shears.) The 
upper 6 to 10-ft. portion was tested 
with the following data recorded; 
steel analysis, melting process, killed 
or unkilled, top or bottom casting, 
ingot shape and weight, pour-to-strip 
time, track time, quantity of crop 
end in per cent of bloom weight, and 
the optical image results (position, 
width and length of pipes). 

In the range of 6 to 8-in. steel, 
the wire-penetrameter sensitivity is 
about 2% and is not more than 3% 
in the 4 to 12-in. range. Pipes with 
a width of %-in. in the direction of 
the x-ray beam are visible on the 
screen of the test equipment. The 
maximum bloom speed which per- 
mits perception of defects is about 
40 ft. per min. At the present state 
of development, it is impossible to 
distinguish between slag-free and 


_ Slag-filled cavities, but further ex- 


perience may lead to methods of 
differentiating. 

The experimental equipment was 
operated under rolling mill condi- 
tions for about nine months with no 
great difficulties. During this pe- 
riod, the operators were often able, 
in certain steels, to draw definite 
conclusions from the shrinkage pat- 
tern on the screen as to the charac- 
teristics of the steel. 

Comparisons between the televi- 
sion image and sectioned cold 
blooms indicated, as would be ex- 
pected, that the smaller defects were 
not detected by the test equipment. 
The ability to detect very small de- 
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KNOW YOUR ALLOY STEELS... 
This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


for Strength 


» . . . Economy 


. Versatility 


The process known as flame-harden- 
ing involves the direct application 
of flame to the surface of steel, 
heating it above the transformation 
range, then hardening it by quench- 
ing. The primary purpose of this 
process is to achieve surface-hard- 
ness without affecting core proper- 
ties. Jets of flame are played directly 
on the steel, and hardness penetra- 
tion can be made to vary consider- 
ably. In alloy steels this depth will 
range usually from 0.03 to 0.12 in., 
the actual figure depending upon 
the method of heating and quench- 
ing used. 

Unlike carburizing, flame-hard- 
ening does not involve the absorp- 
tion of extraneous elements by the 
steel. There is no alteration of the 
chemical composition. To put it 
simply, the steel must have its 
own self-hardening characteristics; 
it cannot be dependent upon car- 
bonaceous salt baths, gases, and 
other media. 

Flame-hardening is not a sub- 
stitute for the conventional fur- 
nace method. Each has its uses. 
The particular virtue of flame- 
hardening is that the flames can be 
directed to localized areas. The fur- 
nace, on the other hand, is gener- 
ally more economical and feasible 
when parts produced in large quan- 
tities must be hardened all over. 

Any type of hardenable steel, 
alloy or carbon, can be flame-hard- 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA, 


ened, and there will usually be no 
scale or pitting. The alloy content 
is the governing factor when deter- 
mining the quench. In some cases 
a rapid quench is required; in 
others, it can be as slow as air-cool- 
ing. Tempering presents no prob- 
lems, for flame-hardened steel can 
be tempered as if hardened to the 
same degree by other methods. 

A list of typical flame-hardened 
parts includes such familiar items as 
gear and sprocket teeth, and certain 
types of cams and rollers, and shoe 
treads. A complete list would in- 
clude many other parts that often 
require a localized hardening treat- 
ment, especially for wear-resistance. 

When you need information about 
flame-hardening methods, please 
feel free to consult with our techni- 
cal staff. Bethlehem metallurgists 
will work with you, at no obligation, 
and you can depend on their sugges- 
tions. You can rely on Bethlehem, 
too, as a source of alloy steels . . 
for Bethlehem makes the complete 
range of AISI standard grades, as 
well as special-analysis steels, and 
all carbon grades. 


| This series of alloy steel advertise- 
ments is now available as a compact 
booklet, “‘Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


Export Sales: Bethlehem Steel Export Corporation 


gETHLEHEN 


BETHLEHEM STEEL 
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| Flame-Hardening Alloy Steels 
1 
| 


Whether you HEAT your product (or equipment) 
with high temperatures or EAT it with corrosive 
chemicals or gases, 


there 1s a way to 
get BETTER high 
alloy castings at 
a BETTER price! 


(and still get the FAHRALLOY priceless additive! ) 


THE FAHRALLOY 
COM PANY 


custom high alloy castings with a priceless additive 
LEXINGTON AND 148th * HARVEY, ILLINOIS 


We believe that every product contains one more property than is specified 
—the character of the producer. In cut-price products this character is for 
sale. In Fahralloy products it is priceless, yet, because of this policy (not 
in spite of it) Fahralloy can meet price requirements without cutting 
quality or service! 

Stainless or High Temperature static, precision shell molded or centrifugal 
castings from an ounce to 3000 pounds; Special alloys—Nickel, Ni-Resist®, 
Monel®, Chrome, Moly., Tungsten, Tool Steel Grades . . . as specified. Send 
for free brochure. 

Circle 2251 on Page 48-B 


fects is obviously desirable. The 
present limitation of bloom speed of 
40 ft. per min. should be increased, 
and experiments are in progress to 
achieve this. C. O. Smitu 


Oxidation of Columbium 


Digest of “Oxidation of Bi- 
nary Niobium Alloys”, by C. H. 
Barrett and J. L. Corey, 
N.A.S.A. Technical Note D-283, 
Lewis Research Center, Cleve- 
land, November 1960, 27 p. 


Cowman HAS STRENGTH and 
ductility characteristics that 
make it attractive for structural 
applications in the range of 1000 to 
1200° C. (1830 to 2190° F.), but 
its use is limited because of poor 
oxidation resistance. The authors 
contend that attempts to develop 
oxidation-resistant coatings have so 
far met only moderate success, and 
a thorough exploration of the alloy- 
ing element approach is needed. 

Their paper is the second and con- 
cluding report on a semiquantitative 
screening study of the oxidation 
characteristics of columbium-base 
binary alloys containing up to 25% 
of the given alloying element. The 
alloying elements were selected on 
the basis of existing oxidation theory 
and to give a reasonably complete 
coverage of the periodic table. Speci- 
men disks, prepared by powder 
metallurgy techniques, were evalu- 
ated by oxidizing in dry air at 1000° 
C. (1830° F.) for 4 hr. and at 1200° 
C. (2190° F.) for 2 hr. In each in- 
stance, the furnace also contained a 
comparison specimen of pure colum- 
bium pressed and sintered under the 
same conditions as the alloy speci- 
men. Changes in weight of the speci- 
mens and physical character of the 
the scales were recorded. 

None of the alloying elements 
used improved the oxidation resist- 
ance of columbium sufficiently for 
wide-spread use in an air atmos- 
phere, but trends were observed 
which should be of value in the ex- 
ploration of more complex alloys. 
Best results were obtained with 
titanium. At both testing tempera- 
tures, corrosion resistance increased 
with titanium additions of up to 
20% (the largest amount added), 
where the scale was adherent and 
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the weight gain was about half that 
of pure columbium. Additions of 
0.5 to 1% Cr were equally effec- 
tive at 1000° C. At both tempera- 
tures, 4% Fe gave good results. 

Vanadium and aluminum up to 
10% improved oxidation resistance 
at 1000° C. but not at 1200° C. 
On the vanadium specimens how- 
ever, the scale appeared to liquefy, 
and the aluminum specimens _be- 
came brittle and were likely to have 
a powdery scale. In contrast, rhen- 
ium, cobalt, copper, and iridium 
alloys had better scales at 1200° C. 
than at 1000° C. However, rhenium 
alloy scales volatilize, and the other 
three elements give brittle alloys 
because of intermetallic compound 
formation with columbium. Silicon, 
zirconium, tantalum, and molybde- 
num showed some promise at 1200° 
C. only. The remaining elements 
(boron, calcium, scandium, manga- 
nese, nickel, germanium, selenium, 
tin, antimony, hafnium, tungsten, 
lead, thorium, neodymium, praseo- 
dymium, and the platinum metals) 
had no effect. 

The authors conclude that ion 
size of the alloy additions was the 
major factor affecting oxidation 
rate. Pure columbium scales catas- 
trophically because it forms a porous 
oxide caused by large compressive 
stresses generated in the growing 
Cb,0;. If ions smaller than the 
Cb,** dissolve in the oxide and 
lower the volume ratio to a value 
where stresses do not cause fracture, 
a diffusion-controlled scale is formed. 
All the elements that improve the 
oxidation resistance fit this size cri- 
terion. However, the ion of alumi- 
num is very small, and may form a 
second phase, probably Al,O;, in 
the scale. Differential expansion 
would cause distortion which, in 
addition to thermal stresses on cool- 
ing, may account for the powdery 
scale observed with increasing alum- 
inum content. 

The improvement by iridium 
could be due in part to the fine dis- 
persion of the metal found en- 
trapped in the scale. This ductile 
phase may allow the scale to flow 
more easily thus relieving the large 
compressive stresses and delaying 
cracking. Valence effects and pref- 
erential oxide formation were ap- 
parently masked by the over-riding 
tendency for a porous scale, and 
thus were not observed. 

M. F. Hawkes 
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Mr. SHOTT and Mr. GRITT 


"The gray suits win in the ninth...1 shaw 


thish program yeshterday!'’ 


SHOT AND GRIT 


GENUINE ELECTRIC FURNACE 
STEEL ABRASIVES 


ALLOY METAL ABRASIVE COMPANY 


ORIGINATORS OF CAST STEEL SHOT 


121 South Division Street, Ann Arbor, Michigan Phone: NOrmandy 3-8529 
Circle 2252 on Page 48-8 


The Niagara Aero Heat Exchanger 
transfers the heat to atmospheric 
air by evaporative cooling. It ex- 
tends your quenching capacity 
without using extra water. It pays 
for itself with water savings. 


You can cool and hold accurately 


You Get Better Results 


HEAT TREATING! 


@ Use the NIAGARA AERO HEAT 
EXCHANGER to control the temper- 
ature of your quench bath and you te- 
move the heat af its rate of input, always 
quenching at the exact temperature that 
will give your product the best physical 
properties. 


the temperature of all fluids, gases, 
air, water, oils, solutions, chemicals 
for processes and coolants for me- 
chanical and electrical equipment. 
You get closed system cooling, free 
from dirt and scale. 

Write for Bulletins 120, 124, 132 


NIAGARA BLOWER COMPANY 


Dept. MP-6, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of U. §. and Canada 
Circle 2253 on Page 48-8 
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Explosive Compacting 


Digest of “The Compacting of 
Metal Powders by Explosives”, 
by W. T. Montgomery and H 
Batty Paper No. 7 read be- 
fore the Powder Metallurgy 
Joint Group of the (British) 
Iron and Steel Institute and the 
— of Metals, Dec. 16, 
1960. 


T= AUTHORS, connected with the 

Nobel Division of Imperial 
Chemical Industries, attempted to 
establish the conditions under which 


WEIGHT OF 
PowDER 


WEIGHT oF | DENsITy OF 
Exp.tositve | Compact 


W-titanium 675 g. 


Aluminum 575 
Copper 2154 
Iron 1080 


60 g. 89% 
60 100 
130 
130 97 


powders could be compacted by 
shock waves from explosives, deto- 
nated under water. They early found 
that the density of the resulting 
compact decreased with increasing 


Suddenly complex finishing has a simple solution! 


The Pangborn Vibratory Finishing Machine has an unusually wide range of appli- 


cation. What would you like to descale, deburr, radius, finish or burnish? 


Metal and metal alloy as well as many plastic and ceramic parts may be vibratory 
finished. This machine processes extremely small and delicate items with the same 


facility it handles large and heavy objects. 


What’s more, the Pangborn Vibratory Finishing Machine performs as much as 
100 times faster than conventional equipment. Cuts costs? You bet! 

All sizes of the machine come equipped with variable speeds and amplitudes plus 
new improved air-cushioned suspension. Optional air-cushioned floor mounts 


completely eliminate any transmission of vibration to the floor. Auxiliary equip- 
ment and the best in media and compounds are available for your every need. 
Send parts with exact finish specifications or finished specimen for sample process- 
ing in our laboratory to Mr. William E. Brandt at: 

PANGBORN CorPORATION, 1800 Pangborn Blvd., Hagerstown, Md.; Pangborn Canada Ltd. 47 
Shaft Rd., Toronto (Rexdale). Canada— Manufacturers of Vibratory Finishing, Blast Cleaning, 
Dust Control Equipment — Rotoblast® Steel Shot and Grit®. 
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distance from the charge, and there- 
fore confined their later work to 
cylindrical or near-cylindrical shapes 
wrapped with “Cordtex” detonating 
fuse, which propagates pressure 
waves at a velocity of 22,000 ft. 
per sec. 

Results are reported for four 
powders (see table). (“W-titanium” 
is a granulated titanium obtained 
by sodium reduction. ) 

In the above tests the powders 
were 100% through No. 60 sieve, 
and were hand-packed into a round 
aluminum tube 2.15 in. diameter by 
7 in. long. Other experiments pro- 
duced rods as big as 4.5 in. diameter 
by 20 in. long; hexagonal and fluted 
shapes as well as hollow cylinders 
were also made. 

Apparent advantages of the 
method are for compacting shapes 
too large for available presses, or 
made from powders requiring inordi- 
nately high pressures. Obviously, 
for large work a very large tank of 
water, several feet deep, would be 
required. E. E. T. 


Endurance of High- 
Strength Steels 


Digest of “Fatigue Properties 
of Some High-Strength Steels’, 
National Bureau of Standards 
Technical News Bulletin, Octo- 
ber 1960, p. 174-175. (A conden- 
sation of an article by the same 
title by H. E. Frankel, J. A. 
Bennett and C. . Carman, 
A.S.T.M. 1960 Preprint No. 65.) 


IGHTEEN DIFFERENT STEELS were 

made with alloy content varied 
systematically but approximating 
A.LS.I. standards 4340 (high in sili- 
con) and 4142 (high in molybde- 
num); all were vanadium treated 
and ranged in copper from zero 
up to 2.13%. Specimens were 
quenched and drawn 4 hr. at tem- 
peratures from 350 to 600° F. (giv- 
ing ultimate tensile strengths above 
200,000 psi.), carefully polished and 
coated with a rust-preventive oil. 
Fatigue tests were made in a rotating 
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beam machine. Not enough data 
were accumulated to derive fatigue 
limits from S-N curves; rather the 
steels were compared on the basis 
of breaking loads for 100,000 cycles. 
The strongest steel on this basis 
(200,000 psi. alternating load) was 
No. 10 tempered at 400° F. Next 
(180,000 psi.) were two groups, No. 
15 to No. 17 tempered at 400° F., 
and No. 10A and No. 13 tempered 
at 350° F. Analyses follow: 
10 15tol7 10A, 13 
C 045 0.26to0.382 0.47 
Mn 1.40 1.22to1.54 1.18, 0.52 
Si 0.17 0.12to0.21 0.20 


Cr 0.83 0.84 0.82 
Ni 0.06 0.06 0.05 
Mo 0.68 0.67 to 1.04 0.66 
Vv 0.17 0.18 0.19 
Cu 11.28 1.28 1.30 


It thus appears that 1.3% copper 
is a preferred addition for high en- 
durance when low tempering tem- 
peratures are indicated. Such steels 
can endure 100,000 cycles of alter- 
nating loads equal to 90% of their 
0.1% yield strengths, whereas simi- 
lar analyses without copper can 
withstand only about 75% of their 
yield strengths. 

A former study showed that, as 
the carbon content in these strong 
steels increase, their hardness after 
heat treatment had to increase to at- 
tain an equivalent fatigue strength. 
This situation also exists for these 
copper-bearing analyses. 

E.E.T. 


Sulphurized Steel 
Surfaces 


Digest of “Sulphurizing of 
Steel—Structure and Character- 
istics of the Case Layers Pro- 
duced”, by N. Collari and P. 
Virdis, La Metallurgia Italiana, 
Vol. 49, No. 3, 1957, p. 159-169; 
Brutcher Translation No. 4109. 


ECAUSE OF HIGH FRICTION, seizure 

and wear which occur when 
components of steel rub together, 
surface carburizing, nitriding and 
carbo-nitriding have been widely 
studied over the years. Most surface 
treatments, however, require tem- 
peratures above tempering levels, 
and are often unattractive as a re- 
sult. Sulphurizing in salt baths pro- 
vides a surface treatment which is 
performed at comparatively low 
temperatures. Also the surface has 
moderately high hardnesses and low 
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friction properties. Some degree 
of self-lubrication comes as an added 
feature. This paper explores the 
nature of the case produced in sul- 
phurizing, and also proposes some 
mechanisms to explain the observed 
results. 

Experimentally, two steels of the 
following composition were treated 
in a commercial sulphurizing mixture 
of fused ferrous sulphide, sodium 
sulphate and _ potassium ferro- 
cyanide at 1070°F. Steel A con- 
tained 0.145% C, 0.47% Mn, 0.19% 


Si, 0.007% P, 0.032% S and a trace 
of Cr. Steel B consisted of 0.190% 
C, 0.58% Mn, 0.34% Si, 0.026% P, 
0.015% S, 0.77% Cr and 2.63% Ni. 
Specimens were annealed, surface- 
ground and preheated in nitrogen to 
1020° F. before being immersed in 
the salt bath. After treating (for 1, 
2, 3 or 4 hr.), they were washed, 
and wire brushed. A steel shell was 
shrunk on, and specimens were cross 
sectioned, polished, etched and ex- 
amined. Other specimens were ma- 
chined in successive layers to pro- 


Batch Type 
Heat Treating 


FURNACE! 


The push of a button starts the following auto- 
matic steps in this JOHNSTON Batch Type 
Furnace. The charge automatically moves up 
through the bottom of the upper, sealed, heat- 
ing chamber. A high-speed, roller-chain trans- 
fer system operates completely outside of the 
heat to eliminate heat-caused maintenance 
problems. 

Four, cast, alloy, U-type, gas fired, radiant 
tubes, with proportioning type controls bring 
the charge up to temperature and hold as re- 
quired. Radiant tubes, muffle, and recirculating 
fan are incorporated in chamber design so that 
100°, of the chamber gases are forced outside 


JOHNSIO 


BOTTOM CHARGED 
CONTROLLED ATMOSPHERE 
® AUTOMATIC QUENCH 


of the muffle, around the U-tubes and pulled up 
through the charge. The water-cooled, two- 
speed, recirculating fan automatically shifts to 
slow speed at high temperature. The charge is 
automatically removed from heating chamber 
to quench elevators and automatically 
quenched. 

Recirculation of quench oil is by centrifugal 
pump and jets. A valve controls volume of oil 
flow from minimum to maximum. Separate oil 
chiller and cooler with filter is recommended. 
Automatic controls for maintaining oil tem- 
perature are furnished. A second charge can be 
cycled while the first is quenching. 


Write for FREE bulietin 219 


MANUFACTURING CO. For sales 


2825 EAST HENNEPIN AVE. 
MINNEAPOLIS 13, MINN. territories open 
Write... 


ENGINEERS & MANUFACTURERS OF INDUSTRIAL HEATING EQUIPMENT 
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metals going places 


we offer VACUUM EQuIP MENT... 


..for special applications in melting, 
annealing and processing. Production or 


research, 


@ Vacuum Arc Furnaces 


Copper Vacuum Crucibles 
(with interpenetrated copper welds)* 


e Vacuum or Controlled 
Atmosphere Chambers 


e Ingot Molds (Steel and Copper) 
e@ Skull Molds 
e Zak Button Furnaces 


*Standard procedure at Zak 


Service department for repairing of 
crucibles, ingot molds and furnace parts 
damaged in handling mishaps or other 


causes— 


..Certified “In Plant” testing for pump 


down and leak rate. 


PHONE TROY ARsenal 3-3912 


“Engineering Manufacturers for Industry” 


AK MACHINE WORKS INC. 
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TROY (GREEN ISLAND) N. Y. 


300,000 Blanks Stamped 
Between Regrinds... 


“TRI-TUNG" Die 


Still Operating ali 


After 
1,200,000 
Stampings! 


How would you like to stamp 300,000 parts like this, between 
regrinds? That's the kind of tool life reported by Ferro Stamping 


Co., Detroit, Mich., with Uddeholm’s Fine Swedish Tool Steel. 


These auto-door striker-plates were stamped from .190” Hot Rolled 
AISI 1010 steel plate, using Uddeholm “TRI-TUNG” (SAE D-6) for 
the four stage progressive die. “TRI-TUNG” is an Air Hardening 


High-Carbon, 


wear-resistant qualities. 


To date, the “TRI-TUNG” die has produced 1,200,000 stampings . 
and is still going strong! This represents a 50% increase in die life 
compared with other High-Carbon, High-Chromium Steels. 
results in considerably lower manufacturing and maintenance costs, 
— substantial cuts in down-time and reduced costs per piece. 


Write for technical information and stocklist on 
any grade, size and type of Tool Steel you require. 


High-Chromiam Swedish Tool Steel with excellent 


This 


=. 


UDDEHOLM AMERICA 


TOOL & DIE STEELS 
Cow SPRING 


155 East 44th St., New York 17, N. Y., MUrray Hill 7-4575 
Uddeholm Stee/s—used by American Industry since 1820 


“Offices & Warehouses — Chicago, Cleveland, O.— Detroit, Mich.—Los Angeles, Calif. — 
Newington, Conn.— Philadelphia, Pa.—In Canada—Uddeholm (Canada) Ltd., Montreal — Toronto 
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Sulphurized Steel . . . 


vide samples for chemical analysis of 
the coatings. 

Results of element diffusion indi- 
cated the following: 

1. Absorption of carbon, nitrogen 
and sulphur is greater in low carbon 
than in alloy steels. 

2. Carbon and sulphur diffuse to 
a depth of 0.004 in. within 2 hr.; 
prolonging the treatment does not 
increase the depth. 

3. Nitrogen penetrates to a much 
greater depth, up to 0.016 in. in 4 
hr., and increases with increasing 
time of exposure. 

In Steel A, two distinct case layers 
and a diffusion zone of expanded 
base metal with precipitates resulted 
from the sulphurizing treatment. 
The outer case contained 84.4% 
Fe,C, 1.5% FeS, 5.2% Fe.N, bal- 
ance Fe; the inner case contained 
61.2% Fe,C, 1.0% FeS, 6.5% Fe,N 
balance Fe. The diffusion zone (be- 
low the inner case) consisted of 
18.4% Fe,C, 0.2% FeS, 2.6% Fe,N 
and balance Fe. 

In Steel B, complex carbides, sul- 
phides and nitrides, associated with 
nickel and chromium, are assumed 
though not identifiable. Total case 
thickness was only 0.0028 in. and 
porosity was noticeable. 

Specimens of both steels exhibited 
maximum surface hardness after 2 
hr. treatments. Microhardness val- 
ues ranged from 700 to more than 
1000. Though Steel A exhibited an 
anomalous minimum in the hardness 
curve between the two cases, this 
could be associated with micropo- 
rosity. A similar minimum was not 
observed in Steel B. 

The authors reached the following 
conclusions on the basis of their ob- 
servations: 

1. Optimum sulphurizing _ treat- 
ment is achieved within 2 hr. and 
affects a zone 0.012 in. thick. 

2. Carbon steels respond more fa- 
vorably to the treatment than do al- 
loy steels. 

3. Two distinct cases form, both 
of which predominate in carbides, 
rather than sulphides. 

4. Low-friction (but brittle) sur- 
faces form. Low-frictional proper- 
ties probably are due to wicking 
properties of graphite and instanta- 
neous, reversible release of elemen- 
tal sulphur from solid solution under 
frictional heat. J. L. Wyatr 
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PORTRAIT OF PROGRESS: Wean Tin Plate Annealing Line at J&L’s Aliquippa Works 


J&L Cuts Production Time, Improves Quality 
with Wean Tin Plate Annealing Line 


Jones & Laughlin Steel Corporation's 
new Wean tin plate annealing line is 
a major part of the company’s tin mill 
modernization at Aliquippa. Continu- 
ous annealing on the Wean line en- 
ables J&L to fill tin plate orders far 
more quickly than was possible with 
the slower batch annealing process. 
And the Wean line gives uniformly an- 
nealed strip for higher quality finished 
output. 

Operating at speeds up to 2,000 fpm, 
the line can handle 50,000 Ib. coils with 
a maximum O.D. of 85”. Accurate 
zoned tension control is maintained by 
passing the strip through six, electri- 


cally-interlocked, precision bridles. A 
unique system for removing heavy-end 
scrap utilizes two uncoilers which may 
be shifted laterally to permit winding 
the heavy ends on a scrap reel located 
outside of the line. 

Wean “creative engineering” has ac- 
counted for much of the development 
work that has established continuous 
annealing as a standard processing 
operation in the steel industry. The 
Wean Engineering Company pioneered 
in this field and has built more continu- 
ous annealing lines than all other manu- 
facturers combined. This experience is 
ready to serve you. 


THE WEAN ENGINEERING COMPANY, INC. - WARREN, OHIO 


VITRO’S RARE EARTH CHEMICAL / METAL ALLOY 
SALES ROSE “) IN 1960. 


There must be good reasons for this growth. And 
there are—consistent high quality backed by research. 
Perhaps Vitro’s product development department can 
assist you. Do you have production difficulties adding 
alloy components or face burn-up problems where 
the use of master alloys can be effective? Vitro quality 
control provides guaranteed uniformity and offers 
end-product consistency. Hf In addition to thorium- 
magnesium master alloy, Vitro has developed several 

rare earth and related 

family alloy combina- 

tions. Its technical staff is 


anxious to join with you 
in formulating new alloy 
combinations and special 
custom blends. They also 
can supply pure metals 
of the rare earth family. 
Write today for complete 


technical literature and 
please feel free to discuss 
any specific research 
or production problem 
without any obligation. 
Address Product Develop- 
ment Department F. 


Vitro’s thorium-magnesium master alloy 
is extensively used in our nation’s ex- 
panding missile effort. Some 40% of 
the “skin” on the USAF Titan missile 
is thorium-magnesium alloy. 


Vitra CHEMICAL COMPANY 


a Division of Vitro Corporation of America 
342 MADISON AVENUE e NEW YORK 17, NEW YORK 
Circle 2258 on Page 48-B 


At last ...a complete 
treatment of the newest 
advances in magnetics, 
“definitive, practical"! 


Here, for the first time, is a book 
that goes far beyond academic studies 
of magnetic properties and brings you 
up-to-date with current developments. 
Seventeen outstanding engineers and 
scientists describe the most significant 
advances in magnetic phenomena that 
underlies future developments and 
technologies . . . in the electrical and 
electronic industries’ already explosive 
expansion. Presented in thirteen clearly 
written, illustrated chapters, and eight 
appendices. This best seller belongs in 
your collection of important books. 
Order today! 


| Metals Park, Novelty, Ohio 


| Please rush copies of Magnetic | 
| Properties of Metals and Alloys, 349 pages, | 
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Controlled- 
Transformation Stainless 


Digest of “Controlled-Trans- 
formation Stainless Steels”, by 
K. J. Irvine, D. T. Llewellyn and 
F. B. Pickering, Jron and Steel, 
Dec. 18, 1959, p. 612 to 621. 


ONTROLLED - TRANSFORMATION 
stainless steels are high-strength 
stainless steeis of the austenitic type, 
with analyses adjusted to give close 
control of the austenite-to-marten- 
site transformation. This type of 
steel must have enough chromium 
to make it adequately stainless, a 
carbon content ranging from 0.04 to 
0.14%, a basically austenitic micro- 
structure with a small amount of 
ferrite and a martensite transforma- 
tion range below room temperature. 
Controlled-transformation alloys 
may be readily developed from a 
17% Cr, 4% Ni, 0.1% C alloy. This 
composition has a martensite trans- 
formation range above room temper- 
ature and is on the borderline of 
forming ferrite. Other alloying ele- 
ments serve to provide control of the 
microstructure and the transforma- 
tion temperature, to improve resist- 
ance to tempering, and to produce 
secondary or age-hardening effects. 
The elements commonly added to 
obtain the controlled-transformation 
characteristics are manganese, sili- 
con, molybdenum, tungsten, vana- 
dium, aluminum and copper. Any 
one of these elements acts to depress 
the Mg temperature as shown below: 


AVERAGE DEPRES- 

ELEMENT SION OF M,* 
Manganese 35° C. 
Copper 40 
Tungsten 45 
Molybdenum 51 
Aluminum 51 

Silicon 60 
Vanadium 60 


*Per 1% of element added (M, 
lowered from +100 to —80° C.) 


Moreover, addition of copper and 
aluminum will produce pronounced 
secondary hardening effects as will 
cobalt, titanium and columbium. 
To produce controlled-transforma- 
tion steel which is effective, it is es- 
sential that the martensite transfor- 
mation range be held to close limits. 
This may be done by a solution 
treatment at a predetermined tem- 
perature. This temperature controls 
the amount of carbide taken into 
solution, and in this manner controls 
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the effective composition. For sim- 
ple austenitic stainless steels, this 
temperature is 1050° C. (1920° F.). 

Inasmuch as the Mg points on 
controlled-transformation steels are 
below room temperature, the steels 
must be treated in some manner for 
the transformation to occur. This 
can be done by either refrigeration 
or tempering. Refrigeration is nor- 
mally accomplished by cooling to a 
temperature between —70 and 
—80° C. (—90 to —110° F.). At 
lower temperatures, transformation 
is very sluggish and may be incom- 


plete. The steels are tempered by 
heating between 700 and 800° C. 
(1300 to 1470° F.), Tempering 
precipitates carbides from solution 
thus raising the transformation 
range above temperature. 
Cooling from the tempering temper- 
ature brings about transformation. 

To obtain the best combination of 
strength and ductility the steels must 
be retempered after transformation. 
Normally this is done by heating at 
400 to 450° C. (750 to 840° F.) If 
the steel is a precipitation-harden- 
ing type, this will also increase the 


“SUB-ZEROING” 


IMPROVES GEAR & PINION 


Performance 


Ruggedly constructed 
for heavy production 
schedules, this unit 
will chill tons of steel 
in one hour from am- 
bient to - 125° F., 


Mode! illustrated 
3SR-120-75. Seventy- 
five cu. ft. chamber. 


Processing of steel 
at sub zero temperatures 
greatly increases wear life. 


The successful manufacture of 
pinions that will take considerable 
punishment has been a major prob- 
lem in the gearing industry. Through 
years of research, The Tool Steel 
Gear and Pinion Company of Cin- 
cinnati, Ohio has developed special 


LEADING 
MANUFACTURERS 


choose 
CINCINNATI 
SUB-ZERO 
CHAMBERS 


gear manufacturing techniques that 
in application after application have 
proved extremely successful in pro- 
viding extra hard gear teeth while 
still preserving the strong ductile sup- 
porting core necessary to withstand 
severe service conditions. 


Write for a no-obligation proposal on the equipment best suited 
to your application through CustoM ENGINEERED DEsIGN. 


CINCINNATI 
SUB-ZERO PRODUCTS 


General Office & Plant 


3930 Reading Rd., Dept. R-2 © Cincinnati 29, Ohic 
Circle 2275 on Page 48-8 
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hardness by a substantial amount. 
This investigation demonstrated 
that aging compositions were better 
for high strength than were high- 
carbon alloys. It also revealed that 
the addition of molybdenum im- 
proved the high temperature prop- 
erties, that the addition of two 
age-hardening elements improved the 
resistance to overaging, and that a 
low carbon content (0.07% max.) 
improved the resistance to weld 
decay. BERNARD TROCK 


Alloy produces heating and cooling 

tubes and tube assemblies from any 

heat or corrosion resistant metal. 

Tubes are produced from thin wall 20 

gauge up to 3/16-in. and heavier wall. 

Pressed or spun bends are furnished With 
g Blast Furnace Stock Gage”, by 


to meet your requirements. itn Blast Furnace Stock Gage”, by 
ie sented at the General Meeting 
11 gauge of A.I.S.I., New York, May 1960. 
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TIons can be controlled auto- 
A ENGINEERING COMPANY 
70 Sheldon Road / Berea, Ohio 


matically, a variety of reliable meas- 
Circle 2276 on Page 48-B 


uring instruments have to be de- 
ge 


veloped. This article describes a 
Model DHL 


Nuclear Stock Gage 
for Blast Furnace 


Produced to your specs .. . or Alloy- 
engineered to your needs. Write today! 


nuclear gaging device which has 
been used successfully for indicat- 
ing and recording the height of the 
burden or stock in a blast furnace. 
The measuring system is important 
because the stock column must be 
maintained at a constant level to 
insure a uniformly high rate of 
production of consistent quality. 
Conventional methods of gaging 
the height of the stock in blast fur- 
naces have been based on me- 
chanical principles. Ordinarily, the 
length of cable paid out to keep a 
rod or weight in contact with the 
top of the stock column is used as 
the indicator. Such systems are sub- 


with a long-stroke 
Brinell machine 


Faster hardness testing is yours Model CB 


when you use 2 Detroit long-stroke 
testing machine. The long-stroke 
test ram does the adjusting to 
various work piece heights, and 
does it fast. Constant height table 
always matches conveyor height, 
too. Hydraulically operated, with 
or without direct reading dial 
(shown with). Larger and special 
machines made to order. 


Write today for information about our 
Brinell and other testing machines 


DETROIT TESTING 
MACHINE COMPANY 


9384 Grinnell Avenue; Detroit 13, Michigan 
Circle 2277 on Page 48-B 


ject to gas leakage, and the mainte- 
nance of moving parts requires that 
the furnace be shut down for re- 
pairs. Because of such drawbacks, 
this stockline gage based on nuclear 
principles was developed. 

The essential components of the 
nuclear gage are sources of radia- 
tion on one side of the furnace and 
detection devices on the opposite 
side. The detectors measure the 
amount of radiation coming from 
sources of known intensity. When 
stock inside the furnace obscures the 
beam of radiation, signal intensity is 
reduced. Changes in intensity are 
detected by Geiger tubes connected 
to indicator lamps and a recorder. 
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MULTIPLE-CONDUCTOR 
T/C EXTENSION CABLE 


Available with from 4 to 48 pairs of 
solid-conductor temperature-compen- 
sated wires. Each wire is numbered, 
individual conductors are twisted 
into pairs, each pair is color- 
coded by wire type. No conduit 
needed. Supplied in custom and stand- 
ard constructions. From this one 
dependable source come thousands 
of other accesso- gam 
ries to help your 

‘ instruments per- 
form at their | 
very best. 


’ Get details from | 
your Honeywell J 
field engineer, or 
write today for | _— 
Catalog G100-2.) # 
MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
in 
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The gaging system described in 
this article consists of seven separate 
sources of radiation and their paired 
detectors. They are arranged to 
measure both stock level and stock 
contour or distribution. The specific 
gaging levels are 6, 7, 8, 9%, 11, 
12% and 14 ft. from the bottom of 
the charging bell. Three of the 
gages are set in one vertical plane; 
the other four are placed in the 
plane at right angles to the first 
plane. For example, some might be 
mounted for measuring in the east- 
west direction, the others north- 
south. Sources for the radioactive 
beams are pellets of cobalt 60. 

To permit gaging with compara- 
tively weak sources of radiation, gas- 
tight ports are installed in appro- 
priate locations near the top of the 
furnace. Two basic types of radia- 
tion beam ports were developed and 
installed on a blast furnace in 1958. 
One design, consisting of steel tubes 
with plates welded at both ends, is 
used for locations where lining ero- 
sion does not normally occur. The 
other type is a special brick with 
longitudinal holes filled with dust- 
tight gas-sealing devices. This type 
of port wears away at substantially 
the same rate as the furnace lining 
but maintains a gas-tight seal. A 
set of two beam ports, properly 
aligned in the furnace lining, is re- 
quired for each stockheight level 
to be monitored. The radiation 
source is mounted in front of one 
port; the detector is behind the 
companion port on the same level. 

In the gaging system described by 
the author, the nuclear rays are 
emitted by a pellet of cobalt 60 
approximating the size of buckshot. 
The cobalt pellet is shielded by a 
container or source holder (weigh- 
ing 500 Ib.) which is mounted on 
the outside of the blast furnace. 
Most of the weight is lead shielding 
which surrounds the source and ab- 
sorbs most of the radiation emitted. 
The shielding maintains radiation 
near the installation at safe levels. 
Radiation levels are checked regu- 
larly by trained safety personnel. 

Data from the detectors mounted 
at various levels give information 
on stock height, which is indicated 
and recorded by instruments in an 
area remote from the top of the fur- 
nace. This gaging system required 
no furnace shutdown for mainte- 
nance during 18 months of continu- 
ous operation. F. W. Boutcer 
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High Temperature Operation 
to 5100°F for intermittent use, up to 
*F for continuous operation. 
Extremely Compact — 
8” high x 4” diameter working volume con- 
tained within a 20” x 10%” unit. Also avail- 
able, 15” high x 12” diameter working volume 
contained within a 3042” x 22” unit. 
Controlled Atmosphere — inert gas protects 
charge and furnace element. 
Water-Cooled — through electrodes, 
coverplates and outer shell. 
Easy Furnace Access 
Removable top and bottom covers, with hearth 
lift mechanism for bottom loading. 
Unrestricted 
Inert es s is directed against at and top sight 
ports to scavenge atmosphere 
Unusually compact and esonesitent labor- 
atory furnaces meet the severe requirements 
of melting and sintering materials in excess 
of 4500°F. Curtiss-Wright Research Furn- 
aces feature a specially designed cylindrical 
graphite resistance element surrounded by a 
graphite radiation barrier, carbon insulation 
and aluminum outer shell; mounted on a 
vertical supporting column for easy access. 
Equipment and instrumentation is available 
for any degree of semi-automatic or auto- 
matic control. 
Systems Engineering Services available 


Phone SWinburne 9-0500 or write: 


curtiss wRIGHT 


Corporation 


Princeton Division + Princeton, N. J. 
Manufacturers Representatives 
and Automatic Systems engineers in in car 
tions, send detailed resume to P.O. Box i18, 
inceton, N.J. 
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Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 
Guide to Ferrous 


PREE 


a16%”"x 21" plastic-laminated 
wall chart in color. 


Tempil “Basic 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers ¢ Engineers ¢ Distributors 


613 West 30th Street, Chicago 16, Illinois 
2021 Hamilton Ave., Cleveland 14, Ohio 
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A G F Shaker Hearth Furnaces, employing the “Work In Motion Principle”, 
bright anneal and harden up to 100 Ibs. of stainless steel parts per 
at temperatures up to 2000° F. Uniform atmosphere throughout the 
processing cycle is assured by the full seal construction of the muffle. 
Fully automatic processing from start to finish eliminates all guess work 
and timing by the operator. Low cost, low operation expense, ease of 
operation and maintenance,and dependable, reliable performance are good 
reasons to make an A G F Shaker Hearth Furnace your next installation. 


Write today for complete details . . . Ask for Catalog MP-607. 


MODEL 267 AGF AUTOMOTION 
SHAKER HEARTH FURNACE. 


STAINLESS 
STEEL PARTS 
PROCESSING 


our 


AMERICAN GAS FURNACE CO. 100 srmcer, 
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WEIGHT! 


Here is another Stanwood idea 
that is saving money for the 
user. This fixture is used to sup- 
port five loaded baskets during 
heat treating. It is easily loaded 
—easily handled. 


Since the baskets are not 
stacked and only carry their 
own load they can be much 


STANWOOD 


4817 W. CORTLAND ST., 


STANWOOD 
STACKING 
FIXTURE 


pore 
UIlO 


lighter in weight. 


your copy. 


REPRESENTATIVES IN PRINCIPAL CITIES 
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is less, because these lighter 
baskets cost less to replace. 


Stanwood specializes 

treating equipment—it 
just a side line. We are pioneers 
in the field. New 24-page Cata- 
log 60 tells the story—send for 


CORPORATION 


CHICAGO 393, 


Overall cost 
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is not 
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ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 
YOUNG 
BROTHERS 


OVENS 
designed and built 


© Research Seven Revco cabinets, both chest and for individual product 
© Sto upright styles, are available. Capacities 
rage range from 1.5 to 6 cu. ft. in chests and . t 
© Seasoning to 22 cu. ft. in uprights. Units provide and process requirements 
© Testing able within + 1°. Optional accessories ° 
are offered. Immediate delivery on batch and conveyor types up to 1000° F 


all units. 
For your FREE copy of the helpful 

folder, “Selecting a low temperature . 

cabinet,” write Revco, Dept. MP-61. Write for Bulletin 157 


Industrial Products -Div., 
Deerfield, Michigan 
rends in Refrigeration Since 1938 


YOUNG BROTHERS Co. 
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For Critical Heat Treating Processes 


hydrogen- 
reduction 


THERMOMELT 


PERECO 
STRAIGHT-LINE FURNACE 


This 8-zone, straight-line Pereco Hydrogen-Reduction 


The easy modern way to determine exact working temperatures! 


Furnace is especially designed to perform critical heat treat- 

ing processes, such as reducing tungsten oxide powder to Just mark or stroke the surface with 

pure tungsten metal. It has counter-balanced sliding plate THERMOMELT . . . when it reaches the desired 

doors and solenoid-operated flame curtains at each opening. comgetenens, the mark liquefies. There's no guess- . 
Interior blast-gates, manually operated from the outside, rk, no wasted time or material. With Handy 
separate the hot zone from both the entrance and exit areas. THERMOMELT is the quick, precise way to | Adjustable 
Other features, as well as possible design modifications, make determine heating temperatures. Accurate to Holder 
this type of unit well worth investigating if you have critical within «1%. 

heat treating work to do. Write us. A Stik For Every Temperature from ' ALSO AVAILABLE IN LIQUIDS 


AND PELLETS for inaccessible 
or hard-to-measure applications. 


113° F. to 2000° F. 


Standard or special furnaces and kilns for 


temperatures from 450° F. to 5000° F. SEND TODAY for free THERMOMELT 1 Wide range of temperatures. 
Wterature and pellet sample (indicate 
Made by the Manufacturers of Marka! Paintstk 
PERENY EQUIPMENT CO., Inc. MARKAL co 
Dept. 9, 893 Chambers Road Columbus 12, Ohio @ 3118 West Carroll Avenue «+ Chicago 12, Illinois 
Circle 2294 on Page 48-8 
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—~ E— © 
ULTRA-LOW TEMPERATURE CABINETS 
TEMPERATURES ; 
1829 Columbus Reed ° Cleveland 13, Ohio 
‘Setting Over 60 years of service 
| : Circle 2284 on Page 48-B 
| you know the temperature! 
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Lanthanum through 
Lutetium... 


LINDSAY. 
RARE EARTH 


and 


YTTRIUM 


METALS 


if you need metallic forms of the rare earths, 
you will find it worthwhile to look seriously 
at lanthanum through lutetium, together 
with yttrium. 

These LINDSAY materials round out the in- 
dustry’s largest variety of rare earth products 
from one source. 

For metallurgical, electronic, semiconductor 
and research uses, and for applications 
requiring these metals as direct additions to 
alloy systems or as convenient starting mate- 
rials for synthesis of exotic rare earth com- 
pounds, check with us for your needs. 

Normal research quantity inventories are 
in the form of ingots of 99.9% purity, this 
purity being in terms of the content of the 
major rare earth in the total rare earth metal 
present. Non-rare earth impurities consist 
largely of small amounts of oxygen. Yttrium 
metal is available in several forms, and we 
suggest that you write for our bulletins on 
“Rore Earth and Yttrium Metals” for details. 
They will be sent to you promptly on request. 

Feel free to discuss with us your thoughts 
and problems on the use of LINDSAY rare 
earth and yttrium metals. Nearly 60 years of 
experience in the rare earth field backs up 
our ability to help you. We may be able to 
save you time, and get you off to the right 
start in your use of these materials. 


LINDSAY 


RARE EARTH AND YTTRIUM METALS 
are products of 


American Potash & 
Chemical Corporation 


- 
99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 
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Leading off this month’s issue of Metal Progress are four articles on 
tool steels, making up our special feature on Tool Steels in Today's In- 
dustry. he first, a two-part article by Peter Payson (see February 1961, 
p. 110, for a biographical appreciation of Mr. Payson), deals with high 
speed steels. The second, which covers air-hardening tool steels (p. 70), 
is by Neil J. Culp, manager of the laboratories of Carpenter Steel Co. in 


Neil J. Culp at Work in Carpenter's Research Labs 


Reading, Pa., where he is responsible for all laboratory research and 

development. A graduate of Lehigh University, he continued advanced 

studies at Pennsylvania State University and Andover College. He has 

published technical papers on the hardenability of carbon tool steels, and 

recently was granted a patent for a new steel for applications needing ; 
high toughness. Technical society affiliations include A.S.M., A.I.M.E. 

and the Society for Experimental Analysis. 


Another in the tool steel series is Richard F, Harvey’s discussion of how 
to overcome distortion and cracking in heat treating tool steels. Now a 
research metallurgist at Braeburn Alloy Steel Co., Mr. Harvey studied at 
Worcester Polytechnic Institute, receiving a B.S. degree in chemistry and 
mechanical engineering, then went on to graduate work at the University 
of Pittsburgh and a M.S. degree in metallurgical engineering. He joined 
Braeburn in 1955 and before thet was chief metallurgist at Brown and 
Sharpe Mfg. Co., Providence, R. i. An active ASMember, he is a former 
chairman of the Rhode Island Chapter. 
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A specialist in the hot work tool steel field with Latrobe Steel Co., 
David P. Hughes discusses elevated-temperature hardness characteristics 
of various tool steels in the fourth article in this series (p. 76). A grad- 


uate of Pennsylvania State Uni- 
versity in metallurgy he is 
currently assistant to the vice- 
president, technical director at 
Latrobe and has worked in sev- 
eral research and service capaci- 
ties since joining the technical 
staff in 1947. One of his pri- 
mary interests is in tool steel 
selection and applications for 
hot work tooling, particularly 
extrusion, and he has helped 
develop several new alloys now 
being used in this field. He is 
a member of the Aluminum Ex- 
truders Council and active on 
various committee and hand- 
book operations of several tech- 
nical groups, including A.S.M., 
A.E.C. and A.LS.I. He lives in 
Ligonier, Pa., with his family 
and lists his interests as golf, 
bowling and various community 
activities. 


David P. Hughes Checks the Ap- 
paratus Used to Make Hot Hard- 
ness Tests, Data of Which Were 
Included in His Article “How Hot 
Hardness Varies in Tool Steels” 


Convair’s use of adhesives to construct speed capsules for the Convair 
990 is explained by Harold H. Rosenbaum (p, 80), design specialist with 
the company in San Diego. A chemistry graduate of Rutgers University 
(1939), he has spent 21 years in the field of plastics, adhesives, sandwich 
construction and nonmetallics, the last 15 of these years with Convair. 
His work in industry has been supplemented by teaching experience as 
an instructor in plastics at the University of California Extension and as 


Harold H. Rosenbaum, 
Holding a Section 


Honeycomb Panel, Is De- 
sign Specialist for Convair 


guest lecturer on structural sandwich design and fabrication at the Uni- 
versity’s engineering extension. His interests in this field extend to sev- 
eral technical groups; he is a member of A.S.T.M. Committee D-19 on 
Sandwich Construction, a member of the Industry Advisory Committee 
to the ANC-23 Panel on Sandwich Construction, and Convair member of 
the Society of the Plastics Industry. 


OLCROFT 


Production 
Heat 
Treating 
Equipment 


For any of these processes: 


ANNEALING 

~ BRAZING 

v CARBURIZING 

CARBO-NITRIDING 

CARBON-RESTORATION 
FORGING 

~ HARDENING 

SINTERING 

NORMALLIZING 

~ TEMPERING 


6545 Epworth Bivd., Detroit 10, Mich. 
Phone TY 4-5700 


44 YEARS OF ENGINEERING LEADERSHIP 
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The Most for Your 
“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all “Rockwell 
Testing”. Clark's exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10203 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 
All inf ion about hardness test- 
ing in easy-to-read text with many 
iustrations. Just write “Send 


WSTROMENT, IN 
GAN 


Missile-Age 
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(“A Century-Old Razor”, 
showing one in use. 
tion is merely metallurgical — 
he’s never used one in his life.) 
A mechanical engineering grad- 
uate of George Washington Uni- 
versity, he has worked in the 
Metallurgy Division of the Na- 
tional Bureau of Standards for 
more than 40 years. His early 
work was concerned chiefly with 
the wear of metals; more re- 
cently he has concentrated on 
the heat treatment and proper- 
ties of steels, particularly at high 
strength, and stainless steels. 
He has been particularly active 
in A.S.M. and is now serving on 
the Transactions Committee. 
For relaxation he has a cot- 
tage on the shore of Chesapeake 
Bay (“the most beautiful body of 


water in the country”, 


Straight-edged razors have such a fascination for Samuel J. Rosenberg 
p. 94) that he sent us a photograph allegedly 
(Although a confidential source reports the fascina- 


Samuel J. Rosenberg Demon- 
strates a Straight-Edged Razor 


Oxygen’s use in steelmaking today — and in the future — is the perti- 


to quote him) where fishing, boating, swimming 
and just plain loafing combine to make the summers just about bearable. 


nent topic of E. F. Kurzinski’s article on p. 97. A graduate of Rutgers 
University, he has been in development work for 20 years, first wth 
Union Carbide Corp. and now with Air Products, Inc., in Allentown, Pa., 


where he is manager of applied research and development. 


E. F. Kurzinski, Manager of Applied Research and 
Development at Air Products, Inc., at His Desk 


of this department is to improve existing products or develop new prod- 


The function 


ucts and processes primarily in the area of industrial gases, such as the 
oxy-fuel technique described in the article. 
Emphasis in his leisure time is on the outdoors — particularly fishing, 


woodworking and camping. 
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Boeing's experiences in applying protective coatings to steel and super- 
alloy parts before heat treating are described by Etric L. Stone and 
Leopold Albertin (p. 103), both in the company’s manufacturing develop- 
ment section. Mr. Stone, project chief of advanced projects, graduated 
from Oregon State College with a B.S. degree in 1951 and a M.S. degree 
two years later in mechanical engineering. Since coming to Boeing in 
1954, he has supervised welding, forming and heat treating research and 
development projects. He is active in A.S.M.E. and the Puget Sound Engi- 


Leo Albertin (Left) and Etric L. Stone Discuss Their Work 
in the Manufacturing Development Section at Boeing 


neering Council; other spare-time interests include teaching engineering 
courses in the evening division at Seattle University and salmon fishing 
in Puget Sound area waters. 

Mr. Albertin, a research engineer, is currently working on new heat 
treating methods and protective coatings for superalloys and refractory 
materials. He came to the United States from Germany in 1951 and 
worked in the metalworking industry with Hallstrom Forging Co. and 
International Harvester Co. He graduated from the University of Illinois 
with a B.S. degree in metallurgical engineering in 1956. He enjoys touring 
the beautiful Northwest and also is a hi-fi enthusiast and gardener. 


Third in our Series on Nondestructive Testing for Management is 
“Ultrasonics Solve Testing Problems”, by T. A. La Roe and E. T. Hughes. 
A graduate of Drexel Institute 
of Technology, Mr. LaRoe 
joined the Westinghouse Steam 
Div. in 1948, and for several 
years has supervised all non- 
destructive testing activities in 
the division, where he is man- 
ager of nuclear power equip- 
ment. Mr. Hughes, who is re- 
sponsible for developing spe- 
cialized testing techniques and 
methods for Westinghouse, came 
to the staff of the Materials 
Lavoratories in 1948 and has 
served in both metallurgical and 
nondestructive test engineering 
capacities. His experience in 
ultrasonic testing began at the 
Heppenstall Co. prior to join- 
ing Westinghouse. 


E. T. Hughes checks out proto- 
type search unit being devel- 
oped for a special ultrasonic test 


Here’s a rich, fused di- and 
monometallic stearate 
that’s especially compound- 
ed for tough drawing jobs 
like mechanically descaled 
rods or drawing high man- 
ganese steels. After descal- 
ing mill operators report 
excellent die life. Permits 
multiple drafting speeds up 
to 2000 F.P.M. For use di- 
rectly in die box to produce 
a dry, hard semi-glossy to 
bright finish. 

WRITE SWIFT FOR BULLETIN 45 
and details on other FLEXIMET 
products 


* A metallic complex lubricant 
Containing an additive to promote 
bond where no precoat is used. 


SWIFT & COMPANY 
SOAP DEPARTMENT 


4115 Packers Ave., Chicago 9, Illinois 


106TH YEAR 
Circle 2289 on Pace 48-8 


$-77 : 
mprexe 


Acheson Colloids Co. 
Air Reduction Sales Co. 
Ajax Electric Co. 
Ajax Magnethermic Corp. .......... 135 
Aldridge Industrial Oils, Inc. ...... 148 
Allegheny Ludlum Steel ‘Corp. ....33-36 
Alloyd Electronics Corp. 4 
Alloy Engineering & Casting Co. .. 
Alloy Engineering Co. ............ 183A 
Alioy Metal Abrasive Co. .......... 2 
American Cyanamid Co. ........... 
American Gas Association 
American Gas Furnace Co. 1 
American Machine and Metals, Inc., 

Riehle Div. 20 
American Optical Co. .............. 
American Potash & Chemical np. 
American Smelting & Refining Co. .151 
American Society Sor 

A, 19B, 28, 

Ampcoe Metal, Inc. 
Anaconda American Brass Co. ..... 121 
Ansco Div. 

General Aniline & Film Corp. . 
Armstrong-Blum Mfg. Co. ......... "154 


Babcock & Wilcox Co., 
Baldwin-Lima-Hamilton 
Standard Steel Works Div. . ..165-166 
Bausch & Lomb Incorporated .162, 163 
Beryllium Corp. 
Bethlehem Steel Co. ........... 141, 175 
Branson Instruments, Inc. ........ i31A 
Bristcl Co. 
Buehler, Ltd. 


Cambridge Wire om Co. 

125 
Carpenter 37B 
152 
Cincinnati Milling Machine Co. — 
Cincinnati Sub- Zero Products Co. 
Clark Instrument, Inc. 

Cleveland Metal Abrasive Co. 
Consultants Bureau 

Curtiss-Wright Corp. ............. 1838 


Detroit Testing Machine Co. ...... 183A 
Drever Co. 48 
167A 


Eastman Kodak Co., 

Graphic Reproductions Sales Div.. 47 
Eclipse Fuel gineering Co. ...... 147 
Electra Products Co. 148 
Electric Furnace Co. . Inside Back Cover 
Electro-Alloys Div., 

American Brake Shoe Co. 

Engelhard Industries, Inc. 
Engineered Precision Casting Co. ..1 
Engineering Castings, Inc. ....... 131B 


General Co 

Lamp Metals & Div..123 
General Extrusions Inc. 146 
Gordon Co., Claud 8S. 
Grafo Colloids Co 
Great Lakes Steel 
Gries Industries, Inc. 


Metal Progress — Volume 79 — 


Hacker & Co., Inc., William J. 

Handy & & Harman’ 

Harnischfeger Corp. 

Harper Electric Furnace 
Harrop ope] Furnace Co. ...... 32 
Hayes, Inc., 25 
Haynes Btellite 

Div. of Union Carbide <a 171 
Holcroft & Co. 193 
Hones, Inc., Charles A. 

Houghton & Co., E. F. ............. 31 


Induction Heat: Corp. 
Instron Engineer Corp. 
International Nickel Co., Inc. .. 


Johnston Mfg. 179 


Kent Cliff Laboratories Div., 
146 


Leeds & Northrup Co. ............. 117 
Lepel High Frequency Labs., Inc. . 13 
Lindberg Engineering Co. 19 
Linde Co., 

Div. of Union Geevite Corp. . 
Loma Machine Mfg. 
Lucifer Furnaces, 


174 
McDanel Refractory Porcelain Co. .132 
Metals Engineering Institute 
Miller Electric Mfg. Co. 158 
Mine Safety 167 
Minneapolis-Honeywell Co. 

11, 160-161, 183B 
Mixing Equipment Co., Inc. . 128 


National Carbon Co., 

Div. of Union Carbide ee 44 
National Ultrasonic Corp. ......... 147 
Newage Industries, Inc. ............ 149 
Niagara Blower Co. ................ 177 

west Chemical Co. ........... 113 
Norton Co. 57 
NRC Equipment Corp. ............. 45 


Oakite Products, Inc. 

Ohio Crankshaft Co. 

Ohio Steel Foun 
Olsen Testing 


Number 6 — June, 1961 


Riehle Div., American Machine 
and Metals, Inc. 
Rockwell Co., W. “ 


46 
Ryerson & Son, Inc., Joseph T. .... 64 


St. Joseph Lead Co. 

Saunders & Co., Inc., Alexander . 

Scott Inc. 

Selas Co 

Sel-Rex 137 
Shore Instrument & Mfg. Co., Inc. .149 
Sieburg Industries, Inc. ............ 145 
Solvay Process Div., 

Allied Chemical Corp. 40 
Stanwood Corp. 184 
Star Stainless Screw Co. 

Steel City Inc. 


Superior Steel Div. 
opperweld 139 
Surface Combustion Div., 
38 
Swift & 195 
Products, Inc. ....173 


Technic, Inc. 
Tempil Corp. 
Texaco Inc. 26 
Timken Roller Bearing Co. ....... 167B 
Torsion Balance Co., 

Kent Cliff Laboratories Div. 
Turco Products, 


Uddeholm Co. of America, Inc. ..... 180 
Union Carbide Metals Co. .. Back Cover 
United States Steel Corp., 
Universal Atlas Cement. 30 
nit Process Assemblies, Inc. ...... 149 
Unitron Instrument Co. 49 


Vanadium cop. 
Vitro Chemi Co 


Washington Steel Corp. 
Wean Engineering Co., 
White ouse Electric Corp. oo 1896 
etal Rolling & Stamping 10 
Machine, Co, 
eer: C., 
Inside Front Cover 
Wilson Mechanical Instrument Div., 
Chain & Cable Co., 


Wolverine 
Calumet & Hecla, Inc. 


Young Brothers Co. 


at Republic Steel Corp. .............14-15 
a 
Roll Formed Products Co. ..........168 
; ; 
Jarl Extrusions, Inc. ..............145 
Magnetic Analysis Corp. ...........146 

e Co., Tinius .122 

Pressed Steel Co. Zak Machine Works, Inc. ..........180 

KABLE PRINTING COMPANY 

196 


EF Chain Belt Conveyor Furnaces are ideally 
suited for processing a wide variety of products 
in a wide range of atmospheres. Their initial 
cost is moderate. Operation is almost completely 


automatic, minimizing labor costs. The material 
is carried directly on the belt without shaking or 
jarring. No pans or trays are needed, thus avoid- 


ing the necessity of heating this additional 
weight, and assuring high fuel economy. 


+ Available in electrically heated or fuel fired 
Chain Belt designs. 15 standardized sizes with capacities 
from 175 to 3000 lbs. per hour, minimize the 

charges for new engineering and assure prompt 

a delivery. Easily installed. Often shipped com- 
Ur naces pletely assembled requiring only connection to 
utilities. 7 out of every 10 new orders are from 

for scale-free hardening, previous users attesting the serviceability and 


carbon restoration, carburiz- dependability of our design. 
ing, carbon nitriding or non- Write for Bulletin No. 601. It gives full details 


decarb heat treating of small .. and call the EF engineers on every heat treat- 
ing project. Our long experience and extensive 


and medium size parts. research and development facilities can shorten 
your path to low cost, profitable operation. 


THE ELECTRIC FURNACE CO. 


Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES S. Yeety 
for Processing any Product, in any alem aes o// 
Atmosphere, any Hourly Output Required 


4 SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. © Canefco Limited, Scarborough, Ontario 
SALES REPRESENTATIVES—2842 West Grand Blvd., Detroit 2, Mich. © also 968 Coleman Rd., Cheshire, Conn. 
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NEW ECONOMIES IN MAKING STAINLESS ~-- New oxygen-blown refined chrome 
allows savings three ways: (1) The alloy has a lower price due to economies in 
oxygen blowing ferrochrome. (2) Reduced carbon and silicon contents allow greater 
use of this low-cost chromium in the charge. By using more refined chrome in the 
charge, less chromium as low-carbon ferrochrome is needed later in the heat. 

(3) Less lime is needed to neutralize silica formed during decarburization. 

(The lower silicon content of the alloy forms less silica.) For more information, 
call your UCM representative or write for "Even Alloys are @xygen Blown" in the 
Summer 1961 issue of UNION CARBIDE METALS REVIEW. 
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BAGS BOOST YIELD, CUT COSTS == Tight control of silicon used for ladle 
deoxidation of open-hearth heats gives improved ingot structures. As a result, 
fewer rejections are obtained in the finishing mill and mill yields are improved. 
Bagged 50 per cent ferrosilicon provides closer control over deoxidation than 
loose alloys. The bags give higher and more uniform silicon recoveries. They also 
give better control of semi-killed ingot structures, improving the surface of 
plates and reducing rejections caused by over-deoxidation (pipe). One producer 
improved mill yield by 1.5 per cent and saved about $0.60 per ton. For more 
information, write for F-20,121 and F-20,128. 
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TOP BLOCKING PERFORMANCE FOR OPEN-HEARTHS == Silicomanganese blocks meet 
the needs of today's fast-moving open-hearths. The fast-dissolving alloy reduces 
blocking time and allows better control of carbon content and alloy additions. 
Thus, you get lower alloy costs and fewer off-grade heats. Silicomanganese blocks 
alse produce cleaner steel by reducing undesirable oxides. Mechanical and fatigue 
properties are therefore improved. Get facts and figures in a new 12-page booklet, 
F-20,166. Included are graphs showing production results. 
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VANADIUM...PUTS MUSCLE IN STEEL -- An important alloying element in tool 
steels, vanadium produces stronger, tougher tools that hold their cutting edge. 
Up to 5 per cent vanadium is used in high-speed tool steels to improve wear 
resistance and red hardness. In engineering steels, 0.10 to 0.25 per cent 
vanadium boosts strength and fatigue resistance. Vanadium also improves the 
high-temperature creep resistance of steam- and gas-turbine ferrous-base parts. 
For such additions, Union Carbide Metals offers ferrovanadium, vanadium oxide, and 
self-reducing vanadium. Contact your UCM representative for more information. 
Also, ask for the article, "The Elements That Surround Us: Vanadium," in the 
Summer 1960 issue of UNION CARBIDE METALS REVIEW. 
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UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Ltd., Toronto. 


"Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation. 
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